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Summary

This supplemental environmental impact statement (SEIS)
was prepared to comply with Chapter 343, Hawaiil Revised Statutes
and with Section 11-200-27 of the Hawaii State Environmental
Impact statement Rules regarding supplemental statements. The
SEIS evaluates the alternative sites that were considered for
siting the VLBA and assesses the impacts of constructing and
operating the antenna facility at the selected site.

The project is federally funded through the National
Science Foundation (NSF) . compliance with the Council on
Environmental Quality (CEQ) Regulations (40 CFR 1500-1508) for
implementing the procedural provisions of the National
Environmental Policy Act and NSF regulations (45 CFR 640)
supplementing those of the CEQ will be the responsibility of
NSF. The information contained in this SEIS is intended to
provide the pasis for the required Federal environmental
compliance activities.

pPescription of the Action

The National Radio Astronomy observatory (NRAO), operated
by Associated Universities, Inc. (AUI), constructs and operates
facilities for research in radio astronomy under contract with
NSF. NRAO is building a major new instrument, the Very Long
Baseline Array (VLBA). The VLBA is an aperture-synthesis radio
telescope consisting of ten remotely operated antennas, sited
across the country from the U.S. Virgin Islands in the east to

Hawaii in the West. All ten antennas are located on U.S.
territory; the Operations Center for the array is in Socorro,
New Mexico. construction of this array has been given top

national priority by NSF.

Erection of one of the antennas in Hawaii is necessary to
achieve the scientific goals of the VLBA. NRAO is negotiating
with the University of Hawaii, Institute for Astronomy (UH IFA),
for an antenna site within the Mauna Kea Science Reserve.

The site selected for the Hawaii antenna is between the
12,200~ and 12,400-foot- elevations of Mauna Kea, about 2,600
feet northeast of the Mauna Kea Observatory (MKO) Access Road,
TMK 4-4-15:09, in the Resource Subzone of the State conservation
District. An area of approximately two acres will be delineated
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for the use. NRAO intends to obtain a gsublease for the property
from UH and the Department of 1and and Natural Resources (DINR).

About one acre of the site will be enclosed by a
seven-foot-high chain 1link fence. The VLBA antenna, a control
building, an emergency generator, a propane fuel tank, a tower
with weather instruments and miscellanecus concrete pads for
equipment will be constructed within the fenced area.

The antenna will be a wheel and track, elevation over
azimuth configuration with a g2-foot-diameter solid surface
reflector, carried by a wheel and track mounting to permit
pointing in any direction. It will rest on a circular concrete,
50-foot-diameter ring. When the antenna is aimed at the
horizon, the top edge of the antenna will be at its maximum
height of about 95 feet above the ground. The antenna must be
painted white to minimize thermally induced distortions.

A 20-foot-wide, 2,600-foot-long, compacted gravel access
road will be constructed from the MKO Access Road to the site.
A sign identifying the VLBA facility will be placed at the
entrance to the access road. signs will also be posted along
the road warning that off-road vehicle use is prohibited. UH,
in coordination with DINR, will also post signs identifying the
"no~-hunting" zone.

The site will require potable water, sewver, telephone and
electric services. Domestic water will be trucked up from Hilo
and stored in a 2,000-gallon buried tank, located just outside
of the fenced area. The sanitary facilities will consist of an
approved cesspool which will also be located outside of the
fenced area.

The telephone and electric services will be underground
from an existing pull box beside the MKO Access Road. The
service will parallel the road to the gite. A standby generator
will be installed to keep critical equipment cold and to stow
the antenna in a safe position during commercial power
interruptions; NRAO will discontinue observing during the period
of the power outage.

construction of the VLBA facility on Mauna Kea is
scheduled to begin in June 1989, and is expected to require a
maximum of 18 months. Phase One of the construction period,
which includes grading, road building, installation of the power
and telephone lines, construction of the antenna foundation and
control building and erection of the fence, will be done by
local contractors. The estimated cost of this work is $1.3
million.
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Phase Two will involve fabrication and assembly of the
antenna, which will be shipped to Hawaii in pieces and assembled
on-site, by the same contractor who is building the other nine
antennas in the VLBA. Installation of the electronics and
control systems will be done by NRAO technicians.

The antenna is a benign installation in that it is a
receiving instrument only. It does not transmit or radiate any
radio frequency energy. The facility is for basic research in
astronomy and has no military applications.

The VLBA will be much less sensitive to low levels of
radio-frequency intexrference (RFI) than any other radio
telescope in the world, however, it would be sensitive to high
levels of RFI (from a nearby high-power transmitter) that could
overload or damage a receiver. The selected antenna site
provides excellent terrain shielding from RFI interference in
most directions.

The antenna is scheduled to be fully operational by early
1991. It will be remotely-operated 24 hours a day. A staff of
two to four technicians, who will perform maintenance and other
routine duties, will be hired locally. These people will work a
regular 40-hour week. Accommodations will not be required at
the Onizuka Center for International Astronomy at Hale Pohaku
for NRAO staff.

In the event the antenna facility is permanently closed or
abandoned, buildings and above-ground structures would be
removed and the area in use returned to its natural condition by
NRAO.

Potential Adverse Impacts and Mitigating Measures
ort- ion=-

o Traffic: An increase in traffic will be unavoidable
during the construction phase of the project. This
traffic will include 1large construction equipment and
vehicles transporting workers to the site. This
impact will end when construction is completed.

o Air gquality: Increased vehicular traffic and internal
combustion engines on heavy construction equipment will
result in the generation of enmnissions into the air.
Engine emissions will be mitigated by using properly
functioning emission control devices as required by
law.



o Visual: Construction equipment, related materials and
temporary structures will be located on-site. This
impact will be temporary since all equipment and
materials will be removed at project completion.

Long-term Impacts

o Flora/fauna: The area surrounding the project site is

not an important habitat for rare or endangered species
of flora or fauna. However, existing biota within the
designated construction area will be destroyed. This
impact will be minimized by instructing the contractor
to confine activities to specified areas. Furthermore,
NRAO will direct its personnel not to disturb areas
surrounding the VLBA  facility, and ensure that
predators are not inadvertently brought to the area.

Vvisual character of the area: The VLBA facility and
access road will be constructed on land that is
currently undeveloped. Within the Science Reserve, the
antenna will be partially visible from two locations
along the MKO Access Road and completely visible along
a 2,500-foot portion of the MRO Access Road at the
13,400-foot elevation. In addition, several hundred
feet of the facility access road will be visible near
its intersection with the MKO Access Road.

The antenna site and the access road will be covered
with compacted gravel to blend into the existing
terrain. Although the antenna itself must be white,
the color of the masonry block for the building will
also be <chosen to blend with the surroundings.
Conformity to these design guidelines will serve to
mitigate visual impact within the Mauna Kea Science
Reserve.

Because the antenna will be built in a low-lying saddle
between two cinder cones, the view of the antenna will
be blocked out from most areas. It will not be visible
from downtown Hilo. Long~-range visual impact of the
antenna facility will be low.

Archaeological sites: Four archaeological sites were
located in the project area; none are within the
proposed construction site boundaries. In order to

prevent inadvertent damage to the sites during
construction, each will be fenced and its location
plotted on construction drawings. Construction
personnel will be made aware of the existence and
location of the sites so that they will be avoided. 1If
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remains are uncovered, an archaeologist will be
notified immediately.

Indirect Impacts

o]

Flora, fauna and archaeological sites: The presence of
the facility and access road could generate indirect
impacts on the gurrounding area. These impacts could
include: disturbance of archaeological sites, geologic
features, and habitat of endemic arthropod fauna by
off-road vehicle use; and, increased mortality of birds
(should they pe present in the future) due to rodents
and feral predators associated with the facility and
light attraction leading to collision with facility
structures.

These potential impacts will be minimized Dby
instituting the following mitigating measures:

- Archaeological sites will be fenced. A sign near
the entrance to the access road will warn people of
the penalties for disturbing them. on-site
personnel  will pe instructed to notify the
Enforcement Division of DINR if anyone is seen
disturbing a site.

- signs will be placed along the facility access road
warning people that of f-road driving is prohibited.
Those ignoring this warning will be reported to MKSS
persoennel who will then call enforcement officers of
DLNR or Hawaii County Police.

- Mongoose-, rat-, and cat-proof refuse containers
will be used and refuse will be removed from the
area frequently so that these mammals do not
establish themselves at the site.

- sShielded 1lights will be used at the facility so as
not to attract night-flying Petrels.

- Management policies  already established by the
University of Hawaii for the preservation of
biological and geological resources within the
Science Reserve Complex will be followed by NRAO
personnel.

Radio-frequency interference (RFI): RFI from existing
transmitters that comply with Federal Communications
commission (FCC) and National Telecommunications and
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Information Administration (NTIA) requlations is not
expected to be a problem at the site. Harmful RFI1
caused by emissions violating these regulations would
be mitigated by cooperative efforts between NRAO and
the source owner.

Potentially harmful RFI from new emitters would be
mitigated by negotiations between NRAO and the
applicant or 1licensee in order to find altermative
emitter 1locations, to 1limit the effective isotropic
radiated power (EIRP) toward the VLBA site, or correct
potential  problems when the transmitter is being
designed.

Alternatives Considered

Alternative siting areas evaluated in this SEIS include:
Haleakala, Maui; Hualalai, Hawaii; Mauna Loa, Hawaii; and three
locations within the Mauna Kea Science Reserve on Mauna Kea,
Hawaii. The Mauna Kea locations considered were: Telescope
siting Area C (SRCDP) at the 13,300 to 13,400-foot elevations of
the summit; the 11,800-foot elevation of the Science Reserve,
just off of the MXO Access Road; and, the selected site between
the 12,200 and 12,400-foot elevations of the mountain.

Site evaluations were based on the following criteria:

o Intermediate to High Altitude. The antenna should be
sited above the tropical inversion layer, which usually
ranges from 8,000 to 9,000 feet above sea level.

o Low horizon to the east. The line of sight to the eastern
horizon should be comparatively free of obstructions, such
as terrain features or man-made structures.

o Low levels of man-made radio signals. The antenna should
not be directly exposed to strong transmitters closer than
20 miles.

Haleakala, Hualalai, Mauna Loa and two locations on Mauna
Kea (Telescope ' Siting Area ¢ and the site at the 11,800~-foot
elevation) were eliminated from consideration as potential VLBA
sites for the following reasons:

o Haleakala. This site was rejected because of the
potential adverse impacts of the facility on existing
operations in the summit area; the potentially harmful
levels of RFI which could adversely affect the antenna’s
operation; and, frequent high wind conditions.

(
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o Hualalai. This site was rejected because of the high
probability of unacceptable RFI from existing transmitters
in the area and the potentially high cost of constructing
infrastructure to the site.

c Mauna Loa. This site was rejected because of the
potential risk of harmful RFI from existing and proposed
radio transmitters in the area and the potentially high
risk from lava inundation (a 1 in 6 probability during the
next 25 years).

o Mauna Kea summit. The major reasons for not siting the
VLBA antenna at the summit are: potential snow and ice
loading which would mean that the antenna would have to be
housed in a radome, thus cancelling the advantage of
placing the antenna above the tropical inversion layer:;
high (10 to 15 degree) horizon to the east and northeast;
and, the fact that there is no reason to use a prime
high-altitude site when there is no scientific advantage
to putting the antenna at an elevation higher than just
above the tropical inversion layer.

o Mauna Kea at the 11,800-foot elevation. The site was
rejected because the risk of harmful RFI from present and
future sources is high and may be above acceptable limits
for operation of the VLBA antenna.

The site at the 12,200-foot elevation was selected for the
VLBA facility primarily because it is protected from potentially
harmful RFI from existing and proposed transmitters on Mauna Loa
and secondarily because it will be barely visible from populated
areas of the island. Even though construction costs for the
road and utilities will probably be higher than at the
11,800~foot elevation, the fact that the natural terrain shields
the antenna from harmful RFI led to the selection of the site.

The no action alternative means the western-most antenna
of the VLBA would not be in Hawaii, thus limiting the project’s
ability to achieve its scientific goals. Hawaii is a critical
element to the VLBA. Elimination of Hawaii as a site would
significantly impair the performance of the array.

If the VLBA antenna is not built, the proposed site would
be 1left in its natural state for the foreseeable future. At
some later date, however, other antennas or telescopes, not
requiring high altitude sites, may choose to locate there.

There are no alternative actions that would achieve the

project’s goals and no facilities in Hawaii which could
substitute for the proposed antenna. Without a facility in

s -7
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Hawaii, the performance of the array would be seriously
impaired.

Unresolved Issues

Means to control public access to the VLBA antenna and
off-road driving are being discussed by IFA and NRAO. At
present, it is planned ¢to allow public access along the VLBA
access road. Signs will be placed along the road warning people
that off-road driving is forbidden. Those ignoring this warning
will be reported to MKSS personnel who will then call
enforcement officers of DLNR or Hawaii County Police to remove
them from the mountain. People seen disturbing archaeological
sites will also be reported.

Compatibility With Land Use Plans

o Hawaii State Plan. The VLBA project is in conformance to
the objectives and policies (Part I) and priority
directions (Part III} of the plan that relate to the
economy and characteristics of desirable new industries
for the State.

o Conservation District Policies and Regulations. The VLBA
site is within the Resource subzone of the Conservation
District. The objective of this subzone is to develop,
with proper management, areas to ensure sustained use of
the natural resources of the area. The proposed VLBA
antenna is adding to the research capabilities of the
Mauna Kea Observatory and meets the objective of the
Resource subzone by utilizing the excellent astronomical
resources that Mauna Kea possesses with minimal impact on
the environment.

o 1977 DINR Mauna Kea Plan. The Plan created specific areas
to be managed by the University of Hawaii and states that
the Science Reserve Area is to be used primarily for
scientific research, in accordance with existing lease
arrangements with the UH.

o University of Hawaii Research Development Plan (UH RDP).
The plan serves as the programmatic master plan for the
continued development of the Mauna Kea Science Reserve.
The proposed VLBA facility meets the guidelines in the UH
RDP for locating facilities within the Science Reserve.

4.
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Mauna Kea Science Reserve Complex Development Plan
(SRCDP) . The telescope siting areas delineated in the
SRCDP were specifically for optical, infrared, and
millimeter/submillimeter-wavelength telescopes which
require the extreme altitude of the summit area of Mauna
Kea. The VLBA antenna belongs to an entirely new class of
facility not included in the projection of telescopes
anticipated through the year 2000.

The VLBA has entirely different siting requirements than
the types of facilities discussed in the SRCDP. These
requirements have 1led to the need for an assessment of a
new site at an intermediate altitude within the Mauna Kea
Science Reserve. The SRCDP will be amended to incorporate
the new site and to include the VLBA antenna as an
additional facility.

Existing transmitters on the summit of Mauna Kea are
beginning to interfere with observing activities of

optical and millimeter-wave telescopes. Although the
University recognizes that Mauna Kea is a premier site for
telecommunications, as well as astronomy, the two

activities are not compatible.

UH IFA proposes to amend the SRCDP by deleting references
to future communications facilities in the sumnit area.
The amendment will state that "no transmitters of any kind
will be allowed within the Science Reserve in the future;
those operating there now will be removed as soon as
suitable alternative locations are found."

Hawaii County General Plan. The plan encourages
scientific research and development, along with other
types of economic activities, as a suitable industry for
broadening and diversifying the County’s economic base.
The project will create two to four new jobs, and will add
+o the critical mass necessary to support related jobs
such as computer technicians and mechanical engineers.

Part VI 1lists policies and plans incorporated into the SEIS by
reference.



Necessary Raeviews and/or Approvals

The following list of necessary approvals does not include

environmental compliance activities to be undertaken by the
National Science Foundation.
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State of Hawaiil

Board of Land and Natural Resources
Conservation District Use Permit
Right of Entry
Sublease

Department of Health
Tndividual Wastewater Disposal System Approval

University of Hawaii
amendments to the Science Reserve Complex
Development Plan

county of Hawaii

Planning Department
CDUA Review Process
Plan Approval

Building Department
Grading Permit
Building Permit

other permits required will be determined during the design
phase of the project.
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PART I: INTRODUCTION
A. OVERVIEW OF THE VLBA

The National Radio Astronomy Observatory (NRAO), operated
by Associated Universities, Inc. (AUI), constructs and operates
facilities for research in radioc astronomy under contract with
the National Science Foundation (NSF). NRAO is building a major
new instrument, the Very lLong Baseline Array (VLBA), capable of
mapping celestial objects with milli-arc-second resolution. The
VLBA is an aperture-synthesis radio telescope consisting of ten
remotely operated antennas, sited across the country from the
u.S. Virgin 1Islands in the east to Hawaii in the west
(Figure I-1). It will synthesize a radio antenna 6,000 miles
across, nhearly the diameter of the earth. All ten antennas are
jocated on U.S. territory; the operations Center for the array
is in Socorro, New Mexico. construction of this array has been
given top national priority by NSF.

Each antenna will be 82 feet in diameter and designed to
operate at wavelengths as short as 3.5 millimeters. Each will
be controlled through a 1local computer that will receive
instructions over telephone 1lines from the VLBA Operations
Center. Normally, two reels of tape will be recorded every day
at each of the antennas and flown to the Operations Center;
there they will be played back and the data correlated with data
from the other antennas. (Figure I-2 presents a schematic
drawing of a typical antenna).

wThe basic principle of the VILBA is that of the
radio interferometer, a system that comnbines the
signals received from a radio source by two or
more antennas. The resulting interference
pattern indicates the difference in the path
lengths from the source to the antennas.
...Because the path lengths are determined by the
position of the radio source in relation to the
antennas, the interference pattern contains
information about the location and detailed
features of the source and can be used to
construct an image. ...Antennas with wider
spacings respond to finer detail (Kellermann and
Thompson, 1988)."



JSou.l'co: Kellsrman and Thompson (1988)
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The purpose of the VLBA is to provide high-quality radio
images of remote astronomical objects at the highest angular
resolution that can be achieved by a ground-based instrument.
This unique instrument will be an improvement over existing
telescopes by large factors. For example, the angular
resolution will be 1,000 times greater than that of any
ground-based optical telescope in existence at the present time
or of the Very Large Array (VLA) in New Mexico, currently the
most advanced radio telescopes in the world. It will be 100
times greater than that of the Hubble Space Telescope. The
resolution that can be achieved by the VLBA is comparable to a
person with eyes powerful enough to be able to read a newspaper
in Los Angeles from a hotel room on Waikiki Beach.

The VLBA can help find answers to questions about the form
of the clouds of matter falling into massive black holes in the
centers of galaxies, the structural changes in the extremely
distant quasistellar objects (active galaxies), and the
evolution of "superluminal sources," that is, sources that
appear to move faster than the speed of light. The array can
probe radio phenomena associated with stellar activity in our
own galaxy that cannot be resolved with conventional radio
telescopes. This will help astronomers who are attempting to
understand the life cycles of stars. The VLBA will also be able
to provide the most accurate measurements yet to be made of
cosmic distances, a problem of fundamental importance in
astronony.

In addition to being an astronomical tool, the VLBA will
also study terrestrial phenomena such as plate-tectonic motion,
rotation of the earth and distortions in the solid earth caused
by tidal forces. These applications are possible because the
response of the radio interferometer depends not only on the
source under observation but on the earth’s rotation and the
length and orientation of the baseline separating a pair of
antennas. Because it is possible to determine the distance
between two widely separated antennas with high precision, the
VLER can detect changes in the earth’s dimensions of less than
one centimeter (Ibid.). Two articles by Kellerman and Thompson
which were originally published in scientific American and
Science (including the article cited above), that describe the
scientific and technical characteristics of the VLBA, are
reproduced in Appendix A of this SEIS.

The antenna is a benign installation in that it is a
receiving instrument only. It does not transmit or radiate any
radio frequency energy. The facility is for basic research in
astronomy and has no military applications.

-
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The antenna location in the State of Hawaii has been
selected by NRAO according to the detailed optimization plan for
image quality of cosmic radio sources in order to provide the
completed instrument with appropriate distances (baselines)
among the several antennas. Erection of one of the antennas in
Hawaii 1is necessary in order to achieve the scientific goals of
the VLBA. NRAO is negotiating with the University of Hawaii,
Institute for Astronomy (UH IFA), for an antenna gite within the
Mauna Kea Science Reserve (Figure I-3).

B. ASTRONOMY DEVELOPMENT ON MAUNA KEA

Since 1968, the University of Hawaii (UH) has been
actively advancing mankind’s understanding of the physical
universe through operation of an astronomical facility on Mauna
Kea, a 13,796-foot high shield volcano located on the island of
Hawaii. In recognition of the unique qualities of the Mauna Kea
summit area for astronomical research, the Board of Land and
Natural Resources (BLNR) approved a 65-year lease (beginning
January 1, 1968) with UH for lands above the plus or minus
12,000-foot elevation. The lease (General Lease No. S-4191)
refers to these lands as the Mauna Kea Science Reserve (Figure
I-4).

In recent Yyears, many astronomical gsites in the
continental United States have been compromised, primarily as a
result of air pollution and proliferating, uncontrolled city
lights. Because the crucial problems of modern astronomy demand
data obtainable only at the very finest sites, astronomers have
come to set an increasingly high value on the few excellent
ground-based sites remaining. Mauna Kea is among the very
finest sites in the world and to date, the national and
jnternational scientific community has established six major
telescopes (and two smaller ones) within the summit area of the
Science Reserve; a ninth facility, the W. M. Keck Observatory,
the world’s largest telescope, is under construction.

Because of the excellence of the Mauna Kea site, it was
expected that the State would continue to receive requests for
permission to locate additional telescopes on Mauna Kea. In the
early 1980‘s, UH IFA prepared a Research Development Plan for
the Mauna Kea Science Reserve and Related Facilities (UH RDP).
The plan projected thirteen telescopes within the Mauna Kea
science Reserve by the year 2000. At that time UH believed that
thirteen was a reasonable forecast of possible astronomical
activity on the mountain to the end of the century. Given the
current high level of interest in the site, however, UH
anticipates additional requests from national and international
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institutions to construct and operate telescopes on Mauna Kea
into the next century.

The Mauna Kea Science Reserve Complex Development Plan
(SRCDP) incorporated the policies and criteria set forth in the
UH RDP. The SRCDP was prepared to provide the physical planning
framework necessary to implement the UH RDP. The BINR also
required the SRCDP as a condition to approving <further
development on the mountain. The FEIS for the SRCDP, which was
accepted by the Governor in January 1983, is incorporated into
this SEIS by reference.

C. PROPOSED AMENDMENTS TO THE SRCDP

1.0 New Siting Area for the VLBA

All of the telescope siting areas assessed in the SRCDP
FEIS were specifically for optical, infrared, and submillimeter
wavelength telescopes which require the extreme altitude of the
summit area of Mauna Kea. In general, optical and infrared
telescopes are constructed in two designated areas along the
summit ridge, and millimeter/submillimeter-wavelength telescopes
are constructed in the valley to the southwest of these areas
(Figure 1I-5). The proposed VLBA antenna belongs to an entirely
new class of facility, not anticipated in the UH RDP nor the
SRCDP. Such antennas were not included in the projection of
telescopes anticipated through the year 2000.

The VLBA has entirely different siting requirements from
optical, infrared and  millimeter/submillimeter-wavelength
telescopes (i.e., that it have a clear eastern horizon with
pinimum radio fregquency interference and that it be located at
an elevation high enough to be above the tropical inversion
layer yet 1low enough to assure against wind, snow and ice
loading on the structure). These requirements have led to the
need for an assessment of a new site at an intermediate altitude
within the Mauna Kea Science Reserve. The SRCDP will be amended
to incorporate the new site and to include the VLBA antenna as

an additional facility.
2.0 Transmitters Within The Mauna Kea Science Reserve

Existing transmitters on the gsummit of Mauna Kea will not
affect the operations of the VLBA unless they are pointed
directly toward the antenna. These emitters are, however,
beginning to interfere with observing activities of the optical
telescopes in the area. Although the University recognizes that
Mauna Kea is a premier site for telecommunications, as well as
astronomy, the two activities are not compatible.
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Additional communications equipment and a satellite
communications dish for the summit were approved in the SRCDP.
Since then, UH IFA has received many proposals to install new or
upgrade old transmitters at the summit; some of these requests
have come from astronomy users themselves. It is the policy of
IFA to reject all such proposals because they are inimical to
the scientific complex within the Science Reserve. UH IFA
proposes to amend the SRCDP by deleting references to a
Microwave Link and Satellite Communications Dish from the
communications Facilities section of the plan and replace them
with this statement: "No transmitters of any kind will be
allowed within the Science Reserve in the future. Those
operating there now will be removed as soon as suitable
alternative locations are found."

D. ENVIRONMENTAL COMPLIANCE

This supplemental environmental impact statement was
prepared to comply with Chapter 343, Hawaii Revised Statutes and
with Section 11-200-27 of the Hawail State Environmental Impact
Statement Rules regarding supplemental statements. The SEIS
evaluates the alternative sites that vere considered for siting
the VLBA and assesses the impacts of constructing and operating
the antenna at the selected site. A conservation District Use
Application (CDUA) will be filed with the BLNR regquesting the
use of the selected site for the proposed project.

Compliance with Council on Environmental Quality (CEQ)
Regulations (40 CFR 1500-1508) for implementing the procedural
provisions of the National Environmental Policy Act and National
Science Foundation regulations (45 CFR 640) supplementing those
of the CEQ will be the responsibility of NSF. The information
contained in this SEIS is intended to provide the basis for the
required Federal environmental compliance activities.

I-10



PART II: DESCRIPTION OF THE PROPOSED ACTION

A. PROJECT SITE

The selected site for the proposed NRAO VLBA antenna is
between the 12,200- and 12,400-foot elevation of the Mauna Kea
Science Reserve, roughly 2.7 miles below the summit area about
2,600 feet northeast of the Mauna Kea Observatory (MKO) Access
Road. It is situated in TMK 4-4-15:09, and is within the
Resource Subzone of the State Conservation District (Figure
II-1).

The antenna facility will be built on a flat plain in a
low-lying saddle between two unnaned cinder cones (Figure II-2);
the maximum topographic relief on the proposed construction site
is 15 feet. An area of approximately two acres will be
delineated for the use. NRAO intends to obtain a sublease for
the property from UH and the Department of Land and Natural
Resources (DLNR).

B. PROPOSED SITE IMPROVEMENTS

l.0 Antenna and Appurtenant Structures

Figure II-3 shows a conceptual site plan for the antenna
facility. Precise 1locations of structures will be determined
during the design phase of the project, after soils testing has
been completed.

About one acre of the site will be enclosed by a
seven-foot-high chain 1link fence, in a color that will blend
into the surrounding terrain. The VLBA antenna, a control
building, a 75-KVA emergency generator, a propane (LPG) fuel
tank, a tower with weather instruments and miscellaneous
concrete pads for equipment will be constructed within the
fenced area.

The antenna will be a wheel and track, elevation over
azimuth configuration with a 82-foot diameter solid surface
reflector, carried by a wheel and track mounting to permit
pointing in any direction. It will rest on a circular concrete,

II1 -1
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s0~-foot-diameter ring with concrete  spokes, spaced at
90° intervals, to connect the outer ring to a pintle bearing
support foundation at the center. When the antenna is aimed at
the horizon, the top edge will be at its maximum height of about
95 feet above the ground (Fiqure IIX-4). The antenna weighs
approximately 250 tons and must be painted white to minimize
thermally induced distortions.

The site control building will be a single-story
1,350-square~-foot masonry-block structure. It will be
constructed on grade; the highest part of the roof will be
approximately 17 feet above grade. The color of the masonry
block will be chosen to blend with the surroundings. The
building will house equipment and facilities for controlling and
monitoring the antenna operation, data recording equipment,
other electronic equipment, radiometers, magnetic tape storage
space, a hydrogen maser clock system, mechanical equipment
(building environmental system and electrical power system),
toilets, and laboratory and shop space.

2.0 Infrastructure and Utilities

A compacted gravel access road will be constructed in a
northeasterly direction from Mile 5.3 on the MKO Access Road to
the site. The road will be 20 feet wide and approximately 2,600
feet 1long; it will have a 40-foot right-of-way in order to allow
underground utilities to be constructed adjacent to the
travel-wvay. The route will be chosen so as to minimize cut and
fill and cause mninimum interference to the natural drainage
patterns in the area (Figure II-5).

A sign identifying the VLBA facility will be placed at the
entrance to the access road. Signs will also be posted along
the road to warn that off-road vehicle use is prohibited and to
delineate "No Hunting" safety zones.

The site will require potable water, sewer, telephone and

electric services. Normal water usage is estimated to be 100
gallons per day with an equal amount of wastewater requiring
disposal. Domestic water will be trucked up from Hilo and

stored in a 2,000-gallon buried tank, located just outside of
the fenced area.

Wastewater disposal will be into an approved cesspool
which will also be located outside of the fenced area. The
wastewater will consist primarily of human washing and waste:;
there will be no food preparation or sleeping facilities at the
site.

II - 5
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Cables for telephone and electricity will run underground
from pull box 61, adjacent to the MKO Access Road. They will
parallel the road to the site. Electric service to the building
will be provided via a 150-kVA transformer which will be mounted
on a pad inside the fenced enclosure. The demand for
electricity is estimated to be 100 kW; 40,000 kWh per month. A
standby generator will be installed to keep critical equipment
cold and to stow the antenna in a safe position during
commercial power interruptions. NRAO will discontinue observing
during these outages. The telephone requirements are four
digital grade circuits back to the nearest exchange.

3.0 construction Activities

Construction of the VLBA facility on Mauna Kea is
scheduled to begin in June 1989, if all permits can be obtained
by then. construction is expected to require a maximum of 18
months. There will be two primary phases; they are:

o se - i o t d
Installatjon of Infrastructure and Utjlities: This phase

will involve grading the antenna site and access road,
laying the foundations for the antenna and control
building, construction of the control building and other
piscellaneous facilities, and installation of utilities in
a trench along the access road. After it is graded, the
site will be covered with compacted gravel to blend into
the existing terrain. Phase One is expected to take six
to nine months for completion. A maximum of eight to ten
workers will be located on site at any one time.

The foundation for the antenna will be a concrete circle
50 feet in diameter. Construction for the foundation will
require excavating a hole about 75 feet in diameter at an
average depth of eight feet. About 1,350 cubic yards of
material will be removed during excavation; 85 to 90
percent of these spoils will be used for fill around the
foundation. The remainder will be used to level out the
site and as f£ill on the access road.

concrete directly under the antenna will be 14 feet
thick. At the periphery, the foundation will only go to a
depth of five feet. The top of the foundation will be 30
inches above the ground. A total of 350 tons of concrete
is necessary for the foundation. It has not been decided
as yet whether a concrete batching plant will be set up at
the ~"skiers parking lot", the area which was designated in
the SRCDP for this purpose. This will be determined by
the contractor. Pilings are not expected to be required.
Final determination on this will be made after soils
testing is completed.

IT - 8




A 20-foot-wide by 2,600-foot-long access road will be
excavated, graded and surfaced with compacted gravel; it
required, drainage improvements will be installed. A
two-foot-wide by four-foot-deep trench will be excavated
along the 1length of the access road. Cables for
electricity and telephone service to the facility will be
buried in the trench. All spoils from excavation will be
used on-site for fill, improving the road or for other
site improvements.

Phase One construction will be done by local contractors.
The estimated cost of this work is $1.3 million.

o Phase Two = Antenna Assemblvy and Equipment Installation:

Fabrication and assembly of the antenna will be done by
the same contractor who is building the other nine
antennas of the VLBA. The electronics and control systems
will be installed by NRAO technicians. The antenna will
be shipped to Hawaii in pieces and assembled on-site. An
estimated 25 to 30 trailer truck loads will be necessary
to transport the various components of the antenna to the
site. Assembly is expected to take six to nine months for

completion. The number of workers on-site during this
phase is expected to be five or six; some may be hired
locally.

4.0 Decommissioning

In the event the antenna facility is permanently closed or
abandoned, buildings and above-ground structures would be
removed and the area in use returned to its natural condition by
NRAO.

C. ANTENNA OPERATIONS

1.0 Radio Frequency Considerations

The VLBA antenna on Mauna Kea will not be a source of
radio frequency interference (RFI) because it will only
receive. It will be much less sensitive to low levels of RFI
(i.e., from a distant high-power transmitter or a nearby
low-power transmitter) than any other radio telescope in the
world (50 dB less sensitive for a twelve-hour total-power
observation). The antenna will, however, be as sensitive as any
other radio telescope to high 1levels of RFI (from a nearby
high-power transmitter) that will overload or damage a receiver.

II -9
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The antenna will be equipped with radio receiving systems
covering assigned radio astronomy bands in the frequency range
from 330 MHz to 43 GHz, giving a broad range of resolution and
surface-brightness sensitivities. The principal bands covered
are 1listed in an article in Science (Kellermann and Thompson,
1985). The complete article is reproduced in Appendix A.

The VLBA antenna will initially be equipped to operate in
the following nine frequency bands (in MHz):

312.0- 342.0 2150.0- 2350.0 14400.0 - 15400.0
580.0- 640.0 4600.0- 5100.0 21700.0 - 24100.0
1330.0- 1750.0 8000.0- 8800.0 42300.0 - 43500.0

Four other frequency bands (in MHz) may be added in the
future; they are:

73.0- 74.6 10200.0-21200.0 86000.0 - 92000.0
5900.0- 6400.0

The site selected for the antenna provides excellent
terrain shielding from RFI in most directions that might be of
concern. The unnamed cinder cone to the south of the site will
attenuate signals from transmitters at Kulani Mauka on Mauna
Loa, the Humuula microwave site in the saddle, and Hilo. The
cinder cone and Mauna Kea itself will attenuate signals from
most of the U.S. Army’s Pohakuloa Training Area. The topography
of Mauna Kea, particularly the summit itself, blocks emissions
from the existing transmitters located near the summit and
shields against high-power transmitters located on Maui and
Oahu. Additjonal information on potential RFI appears in
Appendix B.

2.0 Operational Characteristics

The antenna, which is scheduled to be fully operational by
early 1991, will be controlled remotely through a local computer
that will receive instructions over telephone lines from the
VLBA Operations Center. It will be operated 24 hours a day.
Normally, two reels of tape will be recorded every day at the
antenna and flown to the Operations Center; there they will be
played back and the data correlated with data from the other
antennas. A gtaff of two to four technicians, who will perform
maintenance and other routine duties, will be hired locally.
These people will work a regular 40-hour week. Accommodations
will not be required at the Hale Pohaku mid-level facility for

VLBA staff.
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PART IXI: ENVIRONMENTAL SETTING OF THE PROPOSED PROJECT

A. THE REGION

The island of Hawaii is the southernmost island of the
State. It is 200 miles southeast of the island of Oahu; about
a forty minute flight from Honolulu, the State capital (Figure

III-1}).

Commonly called the Big Island, Hawaii is the youngest
and geographically largest of the Hawaiian islands. Its
climate and topography are diverse, ranging from dense tropical
forests to seasonally snow-covered mountain peaks. Hawaii’s
land area was created by five volcances; two of which (Kilauea
and Mauna Loa) are still active today .

The County of Hawaii, which encompasses the entire
island, has a population of 111,800; roughly 40 percent of whom
live on the eastern coast of the island, in or near Hilo, the
county’s largest city (DBED, 1987). It is about a one and one
half to two hour drive from Hilo to the project area at Mauna

Kea (Figure III-2).
B. MAUNA KEA

1.0 Geology/Hydrology/Soils

The sumnit of Mauna Kea is the highest point in the
Pacific basin, rising 30,000 feet from the ocean floor to the
top of Puu Wekiu, its highest cinder cone. Mauna Kea last
erupted about 3,600 years ago (Porter, 1979a). Rubbly hawaiite
a’a lava flows are visible in the area which extends from Hale
Pohaku at the 9,200-foot elevation to the summit of the
mountain at the 13,796-foot elevation. Postglacial stream
sediments, largely gravelly sand or sandy gravel with a
variable composition which reflects local bedrock, are also

found there.

The only perennial surface water present in the area is
Lake Waiau, a small body of water in the crater of the Waiau
cinder cone, at the 13,020-foot elevation of the mountain.

III -1
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Because precipitation is limited and the soils are highly
permeable, "the only groundwater known to exist consists of
perched water in the center of some of the cones, including the
area immediately east of Lake Waiau (Woodcock, 1974)."

2.0 Climate

Rainfall on Mauna Kea varies with elevation, averaging 15
inches per year within the Mauna Kea Science Reserve. At the
higher elevations, most of the precipitation is in the form of
freezing fog or snow, with extrenes in monthly average
temperature ranging from 25°F to 60°F. Winter storms often
deposit several feet of snow on the mountain, on occasion down
to the 9,000-foot elevation (RCUH, 1983b).

Winds at the summit follow a diurnal pattern of
prevailing west/northwest daytime and east/northeast nighttime
wind directions. Wind velocity, as a rule, ranges from 10 to
30 miles per hour, prevalently between 10 and 15 miles per
hour. puring severe winter storms, winds occasionally exceed
100 miles per hour on exposed summit areas, such as the top of
cinder cones (RCUH, 1983b).

3.0 Cultural Resources

The Mauna Kea Ice Age Natural Area Reserve (NAR) is
situated on the south slope of the mountain, between the
10,400-foot and 13,200-foot elevations (Figure III-3). The
main ice age features present in the Reserve are: Pohakuloa
Gulch (formed by glacial meltwater); glacial moraine and
meltwater deposits of fine sediments; the glacially sculptured
features of cinder cones and lava flows; and Lake Waiau, one of
the highest lakes in the United States.

The Keanakakoi Adze Quarry, an ancient Hawaiian Historic
Place, is also within the boundaries of the NAR; it was a very
important center of Hawaiian adze manufacturing (McCoy, 1979).
The Mauna Kea Adze Quarry Complex of Archaeclogical Sites was
placed on the National Register of Historic Places (Site 4136)
and designated a National Historic Landmark in 1962
(Appendix C).

The ancient Hawaiians apparently frequented other areas
in the upper regions of Mauna Kea, outside of the adze guarry.
A reconnaissance of a larger area (1,000 acres) on the summit
and north slope of the mountain (McCoy, 1982) and a 1984 survey
of the east/southeast flank of Mauna Kea (McCoy, 1984),
resulted in the location of over 40 sites (Figure III-4).
These were collectively given the state site number
50-10-23-10228. A summary of the most common types of
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archaeological remains occurring on the high flanks of
Mauna Kea is included in Appendix C.

4.0 Flora and Fauna

Native Hawaiian flora and fauna, including rare plants
and birds, inhabit the mountain’s slopes. Several of these
species subsist nowhere else in the world. Over 30,000 acres
of the mamane/naio forest (below the 10,000-foot elevation) are
designated as the critical habitat of the rare and endangered

Palila, lLoxjoides (Psittirostra) bailleui (Figure III-5).

The Hawailan Dark~rumped Petrel or ‘Ua‘’u (Pterodroma
), an endangered endemic subspecies of
the Dark-rumped Petrel, were formerly abundant throughout the
main Hawaiian chain (Olson and James, 1982a,b), but underwent a
serious decline in numbers due to habitat disturbance,
predation and hunting. On Hawaii, Dark-rumped Petrel were once
abundant in the saddle area between Mauna Loa and Mauna Kea
(Henshaw, 1902). They may alsoc have been present at elevations
of up to 12,400 feet on Mauna Kea as indicated by skeletal
material found in these areas. No essential habitat is
designated for the ‘Ua‘’u (Telfer, 1982).

Vegetation in the upper regions of Mauna Kea is sparse.
Smith and others (1982) reported that lichens (25 species) and
bryophytes (12° species) are the principal components of the
flora found above the 13,000-foot elevation. Two sensitive
areas of lichen colonies (shown as crosshatched areas in Figure
II1I-6) were 1identified during the 1982 survey. Six species of
vascular plants and one alga were also recorded at that time.
Although additional surveys were recommended for the sensitive
areas should development occur there, the botanical consultants
concluded that "none of the rare or uncommon species at the
summit need to have their status monitored due to a restricted
occurrence only on Mauna Kea (0’Connor, 1982)."

Biologists have recently discovered a resident community
of native Hawaiian invertebrates 1living near the summit and
feeding on material carried up the mountain by the wind
(Howarth and Montgomery, 1980). One true bug, a highly
aberrant species of the world wide genus Nygjus, is part of
this community. Other major arthropod compenents include
spiders, moths, mites, springtails, centipedes, booklice, and
barklice (Howarth and Stone, 1982).
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C. ASTRONOMY FACILITIES ON MAUNA KEA

1.0 Telescopes

At present, there are eight telescopes operating within
the summit area of the Mauna Kea Science Reserve
(Figure III-7). Six telescopes are located on summit cinder
cones and two millimeter/submillimeter-wavelength telescopes
are located in the valley (also known as Millimeter Valley)
below and to the southwest of the summit ridge. Table 3.1
lists each of these telescopes and the date it became
operational.

Several more major telescopes are expected to come
on-line in the 1990’s. The W. M. Keck Observatory, the world’s
largest optical/infrared telescope, which is under construction
on the summit ridge, is expected to be operational in 1991. UH
has preliminary understandings with a number of other
astronomical projects to 1locate in areas consistent with the
SRCDP.

2.0 Mid-level Facilities

Because the summit of Mauna Kea is 13,796 feet high, it
is inefficient and physically hazardous for scientists, support
staff and construction workers to go directly from sea level to
work at the summit without acclimatizing themselves for a
period of time at an intermediate elevation. A permanent
mid-level facility at Hale Pohaku, elevation 9,300 feet, for
acclimatization of personnel, was dedicated in 1983 (Figure

III-8). The complex was rededicated and named the Opjizuka
Center for Internatijonal Astronomy (OCIA) in 1late 1986, in

honor of astronaut Ellison Onizuka, a resident of the island of
Hawaii who 1lost his life in the Challenger disaster of January
1986.

The complex consists of three buildings containing
sleeping accommodations for astronomers, technicians and
support staff; a common building which contains offices,
kitchen/dining facilities and 1lounge areas; and a maintenance
area which houses the generator and provides space for minor
equipment repairs and other repair and maintenance functions
(MCM Planning, 1985). An Information Station downslope serves
both as an interpretive center for disseminating information
about the man-made and natural features of Mauna Kea and as the
control point for managing and monitoring visitors to the upper
slopes of the mountain. Housing for construction workers is
located below the Station.

III - 10






Table 3.1 TELESCOPES ON MAUNA KEA BY

YEAR OPERATIONAL

Yea{
Telescope Operational
Summit Ridge
UH 24-inch Telescope #1 1968
UH 24~-inch Telescope #2 1969
UH 88-inch Telescope 1970
NASA Infrared Telescope (IRTF) 1979
Canada-France-Hawaii Telescope (CFHT) 1979
United Kingdom Infrared Telescope (UKIRT) 1979
W.M. Keck Observatory (Keck) 1991*
Millimeter Valley
Caltech Submillimeter Observatory (CS0) 1987
James Clerk Maxwell Telescope (JCMT) 1987

* Under Construction
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Infrastructure, Utilities and Services
3.1 Access

Access to the astronomy facilities within the
Mauna Kea Science Reserve from population centers on the
island of Hawaii is via the Saddle Road (Route 20}, to
Pu’u Huluhulu and from there along a 6-mile-long, 20
foot~wide paved county road to Hale Pohaku at the
9,300-foot elevation. The 8.3 miles from Hale Pohaku to
the summit is via the unpaved Mauna Kea Observatory (MKO)
Access Road which is maintained by the Mauna Kea Support
Services (MKSS). Improvements to this roaqd, including
paving, are under construction (Figure III-9).

3.2 Electrical Power

A permanent overhead 69-kV power line has been
completed from the Saddle Road to a substation near the
OCIA at Hale Pohaku. Underground utility conduits are
being installed from Hale Pohaku to the summit. The
underground conduits generally follow the alignment of
the MXO Access Road. The system is expected to be
operational in October 1988 (Longfield, personal comm.).
When completed, the line will be connected to the Hawaii
Electric Light Company (HELCO) power grid.

IFA is investigating the feasibility of retaining
the existing B850-kW generator located at the summit for
backup purposes. If UH decides to keep the generator, it
will be stored at Hale Pohaku and only mobilized in case
of an emergency, such as a prolonged HELCO power outage.

3.3 Potable water

There is no municipal water supply available on
Mauna Kea. Water to service both the mid-level
facilities at Hale Pohaku and the telescopes in the
summit area is trucked from Hilo.

3.4 Communications

Telephone communication and data transmission from
the summit are via a Hawaiian Telephone Company microwave
system. Each of the telescopes is connected by phone
cable to a common microwave antenna located on the UH
88-inch Telescope building. Transmissions are relayed to
other Hawaiian Telephone facilities in Hilo. By the end
of 1988, a fiber optic trunk line will be completed from
Hale Pohaku to the summit. Once this line is installed,
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and wide-band communication is available out of Hale
Pohaku, the summit microwave system will be removed.

3.5 Sewage Disposal

Cesspools are used for wastewater disposal at both
Hale Pohaku and the summit. State Health Department
approval was received for each cesspool constructed.

3.6 Solid waste

All solid waste generated at the summit is carried
down <to Hale Pohaku by summit personnel. From there, it
is combined with waste from the mid-level facility and
trucked daily to a dumpster located at MKSS in Hilo.

3.7 Protective Services

o Fire Protectijon. UH has developed a fire plan for
the summit and OCIA in cooperation with the Hawaii
County Fire Department. A fire engine is

stationed at OCIA and a fire brigade, consisting
of MKSS personnel, has been trained in fire
fighting techniques. In addition to protecting
buildings, the brigade is prepared to fight brush
fires in the area. Each telescope at the summit
has large portable fire extinguishers and a fire
escape plan. Telescope personnel are responsible

for fire protection at their respective
facilities.
o Medical. The nearest medical facilities to Mauna

Kea are located in Hilo. Because response time
for these services 1is 1longer than one hour,
observatory personnel render volunteer emergency
service to both visitors and staff. An emergency
room is located in the common area of OCIA at Hale
Pohaku to provide space for the treatment of
injuries and illnesses. An ambulance, equipped
with a stretcher and first aid supplies, oxygen,
and a two-way radio is parked between the UKIRT
and the UH 88-inch telescope buildings. It is
available in case of emergencies at the summit.
In addition, all MKSS personnel are trained in

advanced first aid and cardio-pulmonary
resuscitation.
o Securijty. Each telescope organization |is

responsible for the security of its own facility.
Security at Hale Pohaku is provided by MKSS.
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D. OTHER USES OF MAUNA KEA

1.0 Scientific Research

In addition to astronomy, the mountain’s unigue natural
features make it an ideal site for other scientific research.
Its volcanic and glacial history are of interest to geologists;
meteorologists are attracted by the area’s altitude, weather,
and atmospheric conditions; and, Mauna Kea’s remnant endemic
ecosystems represent a unique research environment for
biologists and botanists (RCUH, 1983a).

2.0 Recreation and Subsistence Activities

Hunters, skiers, snow-play participants and hikers engage
in recreation and subsistence activities in various areas on
Mauna Kea. Sight-seeing and photography are also popular
activities in the area.

Hunting takes place within and on the perimeter of the
mamane/naio forest. Among the species hunted are: Mouflon
sheep (Qvis musimon); chucker partridge (Alecturjis chukar):
and, the California quail (callipepla californica). During the
vinter months, the snow-covered mountain slopes are popular
gkiing and snow play areas. The most popular ski run, the "Poi
Bowl", is located within the summit area, between the summit
ridge and Millimeter Valley (Krutzler, personal comm.). Hiking
takes place along the road and designated trails, particularly
within the NAR, although the high altitude and extreme weather
conditions make the activity dangerous for all but the most
experienced hikers.

3.0 Transmitters

There are three transmitters located within the Mauna Kea
Science Reserve. The DLNR Division of Forestry 100- 200-watt
transmitter is mounted on the summit workers’ lunchroom; it is
for use in case of forest fires or other emergencies. The
Volcano Observatory 100- 200-watt VHF transmitter/receiver
translator (operated Dby NoAA) is also located there. It is
used for monitoring the Kilauea and Mauna loa volcances. Under
agreements with the Board of Land and Natural Resources, these
transmitters will be relocated when suitable alternative sites
outside of the Science Reserve are found.

A Hawaiian Telephone/COMTEC  10- 20- watt, C-band
microwave dish is located on one of the 24-inch-telescope
buildings. various portable transmitters, either in vehicles
or hand-held for emergency use only, are also used in the
summit area.

III - 17



Other transmitters on Mauna Kea, outside of the Science
Reserve, are located at the Humuula electronics gite and the
Army Pohakuloa Training Area. To date, these transmitters have
not interfered with astronomical observations at the summit: it
is not anticipated that they will do 8o in the future.
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PART IV: ENVIRONMENTAL IMPACTS AND MITIGATING MEASURES

A. INTRODUCTION

The objective of this environmental impact analysis is to
assess the construction and operating characteristics of the
VLBA antenna facility in order to identify and evaluate the
direct and indirect effects of the proposed action that have the
potential to impact the natural and man-made resources within
the project area and the affected region. Potential impacts can
be either positive or negative, short-term or long-term. The
analysis addresses the following areas of concern:

o Natural Hazards

o Drainage and Erosion

o Air Quality, Noise and Traffic

o Flora and Fauna

o Historical and Archaeological Features
o Aesfhetics

o Visitors and Recreational Users

o ' Radio Frequency Interference

o Infrastructure, Utilities and Services
B. DESCRIPTION OF THE VLBA ANTENNA SITE

1.0 Geology, Topography and Soils

The antenna facility will be built on a flat plain in a
low-lying saddle between between two cinder cones (Figure
Ix-2). The maximum topographic relief of the proposed
construction site is 15 feet. Two cinder cones, one to the
south and one to the northwest of the project area, rise 230 and
380 feet above site elevation, respectively. Both cinder
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cones have steep, loose cinder slopes which are subject to
continuous colluviation (Appendix C).

The antenna site is underlain by Pleistocene lava flows of
the Waikahalulu Formation. All the rock in the area consists of
hawaiite a’a flows, typical of late-stage eruptions from

Hawaiian volcanoes. The a’a flows consist of layers of massive,

dense rock intermixed with volcanic clinker (Appendix D).

The project site is covered by ground moraine deposits.
The soils are mostly coarse gravels, with cobbles as large as
two feet, and a variable amount of volcanic ash of silt and sand
sizes. The soil cover at the site is estimated to be several
feet thick (Ibid.).

Ground moraine deposits are also present along most of the
access road alignment. Soil thickness is estimated to be less
+han three feet along the western half of the road alignment and
thicker along the eastexrn half (Ibid.).

croundwater resources in the project area are presumed to
be nonexistent. Localized zones of permafrost have been
reported within the volcanic cinder deposits of two of the cones
at the summit of Mauna Kea, roughly 8,000 feet northwest of and
1,000 feet higher in elevation than the VLBA site. No
permafrost has been found outside of those cones and it is
unlikely that there is any at the site (Ibid.). '

2.0 Flora

According to Char & Associates {Appendix E), limited
vegetation exists in the vicinity of the project site. Vascular
plants present in <the area include Hawaiian bent (Agrostis
sandwicensis) and he’u-peo (Trisetum glomeratum), members of the
grass family (Poaceae), and cne specimen of Asplenium
adiantum~nigrum, a member of the bird’s-nest fern family
(Aspleniaceae). Each of these species has been recorded
previously in the summit area (Smith, et al., 1982).

Lichen species observed at the site include Candelariella
vitellina, Lecidea skottsberqgii, Rhizocarpon geographicum, two
species of Umbilicaria, and Lecanora murabilis. These species
are associated with larger rocks and occur just above the soil
interface, usually facing north or west. small, shaded, pockets
and crevices, with ash, support moss clumps of silvery-gray to
black-colored Grimmia sp. and bright green Pholia cruda. One
specimen of Asplenium adiantum-nigrum was found along the access
road alignment.
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Suitable habitats for 1lichens and mosses were found in
small caves, crevices and overhangs at the base of the cinder
cone, south of the antenna site. Fist-sized clumps of mosses
were seen in small runoff channels among the rocks. Lichens
found there include the whitish, crust-forming Lepraria sp. and
Acarospora depressa. Lichen and moss colonies in this area are
generally associated with north, northwest, and west~facing
rocks. Moisture from snow melt and pockets of compacted snow

were seen in some cave areas.

3.0 Fauna
3.1 Vertebrates

No vertebrates were recorded in the area of the
project site during recent surveys (Appendix F). One
species that was of concern is the Dark-rumped Petrel

(Ptercdyroma phaeopyqia sandwichensis), an endangered
pelagic seabird endemic to the Hawaiian Islands.

A nocturnal survey of the site was conducted by
Ms. Maile Kjargaard on May 20, 1988. The purpose was to
determine whether breeding Hawaiian Dark-rumped Petrel
were present in the project area. The timing of the
survey was planned so that there was a high probability of
detecting any Petrel inhabiting the area. The survey was
taken during the height of the breeding season, at a
period of the 1lunar cycle when calling is maximized. No
Petrel were detected at the site and there was no evidence
of burrow sites in suitable habitat nearby (Appendix F).

3.2 Invertebrates

The alpine zone on Mauna Kea is habitat for a
number of invertebrates. Only two Hawaiian species were
recorded ' in  the project area during a site visit
(Appendix G). The only native herbivorous species present
was the lichen feeding, diurnal cutworm moth, Agrostis.
One endemic Erigone spider was also seen on the site. The
exotic economic pests, Hydrellia and Pollenia, were by far
the most prominent arthropeds found at the site, probably
because there are so many of them at mid elevations.

4.0 Cultural Resources

The VLBA site is about 2,000 feet east of the Mauna Kea
Ice RAge Natural Area Reserve (NAR). A&s shown on Figure IV-1,
four archaeological sites were located during a recent
reconnaissance survey by Cultural Surveys Hawaii (Appendix C).
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A brief evaluation of each site follows:

o Site 1107s6. A probable shrine. Although the site
is not completely intact (the uprights have
collapsed), it may be the best example of this type
of site in the project area. In terms of its
present integrity, the site is probably a poor
example of a Type 1, single feature shrine (McCoy
1982:A36) as compared to those previously recorded
in the Adze OQuarry and northern summit area by
McCoy (1982, 1984). This site 1is within the
designated boundary of the Mauna Kea Adze Quarry
National Historic Landmark.

o Site 11077. An ahu or possible shrine with a
single upright boulder set in the top. A short
alignment and level area are possibly associated
with this feature. This may be an example of a
single feature, Type 1 shrine (McCoy 1982:A36),
however, it might be a simple ahu. The upright is
not of the typical or tabular shape associated with
other recorded shrines. If it is a shrine, it is a
poorly expressed example.

o Site 11078, A small rock shelter which does not
have any surface indication of human modification
or cultural use. It was recorded as a site because
as a natural feature it might have been used as a
temporary shelter and it may have subsurface
cultural material under the overhang or at the
entrance. If subsurface cultural debris is
present, it would be severely 1limited by the
shallow depth of bedrock.

o Site 11079. A small rock pile (15-20 cobbles) on
the top of a large glacially deposited boulder. A
small ahu and a surface scatter of 10-15 basalt
flakes are located nearby. One of the cobbles is a
rectangular adze preform; therefore, it is possible
that the piling may be a small shrine, although it
does not match the structural pattern of those
recorded in McCoy’s surveys (1981, 1982, 1984).

A summary table of site significance evaluations is
presented in Table 4.1.

It should be noted that both the ground moraine in the low
lying saddle area and the cinder cone slopes in the project area
are geomorphically active. Characteristics of this alpine
desert environment include lack of vegetation, extreme diurnal
temperature variations and frequent frost, all are conducive to
gelufluction and other periglacial activity. These processes
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Table 4.1 A SUMMARY OF ARCHAEQLOGICAL SITES
RECORDED IN THE PROJECT AREA

Site Description Function Significance Codes*
Criteria
Comments

11,076 alignments of rock probable probable religious a,d,e

(Cél) piles and fallen shrine structure, cultural

uprights significance

11,077 ahu with upright ossible ossible religious. a,d,e

(C52) prig Ehrine g;rugture, cultural '
significance

11,078 rock shelter minimal excavation_ _ a,d

(C§3) potential, but could

‘ {;eld some informa-
ion on prehistory
11,079(a) rock piling on possible possible religious a,d,e
(c54) boulders with shrine structure, cultural
adz greform and significance
nearby ahu .

11,196 (b) small ahu trail marker may yield informa-~ a,d
tion’ important to
prehistory

codes®

a = site reflects major trends in the history of the State.

d = site may be likely to yield information important to prehistory

or history

e = site has cultural significance, probable religious structure

(shrine, heiau or burial)
Source: Cultural Surveys Hawaii, Appendix C.
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tend to sort and rearrange surface rocks into natural pavements,"

alignments and faced terraces, particularly on slopes. These
features can be mistaken for cultural constructs by those
unfamiliar with the dynamic nature of this landscape. They are
present in the survey area and are typical features throughout
the Mauna Kea region (Appendix C).

5.0 Existing Infrastructure

There is no vehicular access or electrical power to the
antenna site. The MKO access road and the electrical pull box
are each about 2,600 feet from the site. It will be necessary
to construct an access road and extend utility lines to service
the antenna facility.

6.0 Recreational Uses

At present, there is little if any recreational use of the
project site. The Ski Association of Hawaii has indicated that
the "King Xam Run", which originates on the eastern side of the
Mauna Kea summit ridge, extends down to the 12,300-~foot
elevation and crosses between the two cinder cones in the
vicinity of the antenna site. Because of lack of snow, the run
is rarely wused. There are no established hiking trails in the

project area.
C. ENVIRONMENTAL IMPACT ANALYSIS

1.0' Natural Hazards

The island of Hawaii is located in Seismic Zone 3 for
building design under the Uniform Building Code. Much of the
seismic activity is associated with the active volcanism at
Mauna Loa and Kilauea volcances. Large earthgquakes have
occurred elsewvhere around the island, however, and are
considered possible at any location. The geology of Mauna Kea
has been mapped in detail (Porter, 1979a), but no tectonic
faults have been observed. Foundation and building design in
accordance with the Uniform Building Code -is expected to be
adequate for the structures. g

Mullineaux and others (1987) classified the summit and
upper flanks of Mauna Kea as Zone 7 for lava flow hazards. A
total of nine zones were defined, with Zone 9 being the least
hazardous. The risk of of volcanic eruptions affecting the
proposed antenna facility is judged to be very low (Appendix D}.
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2.0 Drainage and Erosion

The following actions to be taken in the construction of
the project have the potential of causing drainage problens,
dust and soil erosion (construction activities are discussed
more thoroughly in Part II):

o Antenna Facility. Remcval of surface rocks during
excavation; grading of the antenna site; excavation of
about 1,350 cubic yards of material from a hole about 75
feet in diameter at an average depth of eight feet for
the antenna foundation; excavation of a 1,350-square-foot
pad for the site control building; excavation of post
holes for the chain 1link fence; excavation of a
five-foot-diameter cesspool; excavation of a hole for a
2,000 gallon water storage tank; and, addition of
surfaced areas for the facility.

o Access Road _and Utility Trench. Removal of rocks during
excavation; grading of the access road; excavation for a

20-foot-wide by 2,600-foot long access road; excavation
of a two-foot-wide by four-foot-deep by 2,600-foot-long
utility trench for electricity and telephone cables;
excavation and installation of drainage improvements;
leveling, compacting and surfacing the access road with
gravel; and installation of utility cables and filling of
the trench.

The antenna site is flat. With the exception of
excavation required for the antenna foundation, the amount of
earthwork will be minimal; the maximum amount of cutting and
filling is not expected to exceed five feet. All spoils from
construction will be used on-site for improving the road or
other site improvements. Some finer-grained material may have
to be imported for finish grading. This will be determined by
the soils and foundation investigation during final design
(Appendix D).

There will be 1little if any runoff from the flat area
prepared for the antenna facility. The limited precipitation
can be expected to percolate directly into the ground. The
roadway will concentrate runoff to some extent, primarily on
the wuphill side where a shallow ditch will collect any runoff.
The rocky material along the roadway will not erode
significantly, and one or more culverts will pass runoff under
the road before it concentrates to the point where it could
cause erosion further downslope (Ibid.).

Excavation and grading will alter the landform of the
site and generate dust. Fine dust commonly occurs in the
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interstices of the volcanic rocks on Mauna Kea. Heavy
construction equipment operations at the site and increased
traffic along the access road will lead to the temporary
generation of small dust particles. In addition, dust will be
generated by the abrasive action of construction equipment on
rocks.

pust econtrol during construction will be maintained by
exposing the smallest area possible at any time and halting
construction during high winds and storms. To a degree, water
will be sprinkled on exposed surfaces to suppress dust, however,
as water must be hauled from Hilo, it will be used sparingly.
Strict adherence by the contractor to County regulations
concerning grading and excavation will be required.

3.0 Air Quality, Noise and Traffic
3.1 Cconstruction phase
The following actions to be taken during the

construction of the facility may generate noise and
traffic and affect air quality:

o Site preparation and construction of the access
road, antenna foundation, control building and
other miscellaneous facilities, and site

preparation and installation of utilities in a
trench along the access road;

o] Ooperation of a temporary auxiliary generator on
site; '
o Transferring 30 truck 1loads of concrete mix from

Hilo to the project site and pouring 350 tons of
concrete for foundation support of the antenna,
control building, emergency generator, fuel tank,
weather instrument tower, and other miscellaneous

equipment;

o Transporting an estimated 25 to 30 trailer truck
loads of various antenna components from Hilo to
the site; :

o Assembling the antenna on site.

Short-term negative impacts may occur as a result
of the above actions; they will end when construction is
completed. construction of the facility is expected to

+take 12 to 18 months.
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An increase in traffic will be unavoidable during
construction. This traffic includes large construction
equipment, trucks transporting construction-related
materials and vehicles bringing workers to the site. Most
heavy construction equipment will be stored on the site
for the duration of the construction period. All trips of
heavy trucks, such as those transporting antenna
conponents, will be scheduled during off-peak hours so as
not to interfere with normal traffic flow in Hilo or along
the Saddle Road.

Emissions from vehicles and internal combustion
engines on heavy construction equipment and the generation
of dust by construction activities may affect air

gquality. Engine emissions will be mitigated by the use of
properly functioning emission control devices as required
by law. Dust will be mitigated through compliance with

State Department of Health rules and regulation (Chapter
43, Section 10) and by covering exposed areas during heavy
winds.

Cconstruction equipment will denerate high noise

levels at the project site. Noise will be minimized
through the use of equipment with proper noise muffling
devices. Impacts of high noise levels on construction

workers can be mitigated by adhering to appropriate OSHA
standards.

3.2 Operations phase

The operation of the antenna facility will not have
a significant adverse impact on air quality in the
vicinity of the site. The only possible source of air
pollutants from the antenna facility will be the standby
generator, which will only be operated in the event of a
commercial power outage oxr during routine maintenance and
operational checks, and dust from the gravel-surfaced
road. The road will be resurfaced with gravel
periodically to minimize the problem of dust.

Because only two to four employees will be on site,
traffic (including trips by the water truck, etc.) will
not exceed a few vehicles per day. The anticipated volume
of increased traffic is not expected to lead to a
significant increase of emissions in the area.

The antenna is very quiet during operation, except
when being repositioned rapidly. Generally, the only
other noticeable noise which may be produced during
operation will be from the standby power generator when it

is running.
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Flora and Fauna
4.1 Construction phase

There are no rare or endangered species Present on
the site. The site is sparsely vegetated and species
occurring there are also found throughout the Mauna Kea
sumrit area (Appendix E). Construction of the proposed
antenna facility and access road will have only a minor
impact on botanical and faunal resources in the project
area.

No evidence of Petrel breeding was found at the
site during surveys taken in April (daytime}) and May
(nighttime) of this yYear (1988). Although the daytime
survey identified several areas as being potentially
suitable for burrow construction, the nocturnal survey
confirmed that there were no burrow sites there
(Appendix F).

The site is almost barren of invertebrates. No

Wekiu bugs, Nysius wekiuicola, were found during a field
visit in April, 1988, probably due to the lack of moisture

from snow in slow melting drifts. The only native
herbivorous species seen was the lichen feeding, diurnal
cutworm moth, Agrostis. Because no sizeable patches of

lichen grow along the access route or on the facility
site, construction of the pProject is not expected to
affect the moth’s habitat. The biomass in the project
area 1is much smaller than at higher elevations, thus the
impacts on native invertebrates are projected to be very
minor (Appendix G),

In -order to protect the aeolian ecosystem that is
present in the area, all construction activities should
take place within the defined areas of the antenna
facility site and access road alignment. Litter from
construction material, Packaging, etc., would be collected
and removed from the area.

4.2 Operations phase

Indirect impacts can be generated during the
operations phase of the VLBA Project due to the presence
of the facility and the access road. These indirect
impacts include: disturbance of geologic features
(glaciated surface, glacial ground moraine, periglacial
movement and sorting of rocks) and habitat of endemic
arthropod fauna by off-road vehicles; killing of birds in
the area (should they be present in the future) due to
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rodents and feral precdators associated with the facility;
and deaths of Petrels attracted by facility lights, as a
result of ceollision with structures.

Indirect impacts would be mitigated by the
following measures:

o Enforcing the prohibition of off-road vehicle use
in the area;

o Instructing NRAO personnel on how to identify
Petrel breeding areas;

o Use of mongoose—-, rat-, and cat-proof refuse
containers and the frequent removal of refuse from
the area. (While these mammals are not found in the
area at the present time, they may become a problem
once feeding opportunities become available. The
use of traps could become necessary.):

o Use of shielded lights at the facility; and

o - Management policies already established by the
University of Hawaii for the preservation of
blologlcal and geological resources within the
Science Reserve Complex will be complied with by
NRAO personnel.

5.0 Historical/Archaeological Sites

According to Cultural Surveys Hawaii (Appendix C), three
of the four sites recorded in the project area may have cultural
or religious significance. None are good examples of site
types, nor are they 1likely to yield information important to
prehlstory or history.

5.1 Constructlon phase

None of the four identified archaeological sites in
the area is located within proposed construction
boundaries. Each site has been flagged for
identification. In order to prevent inadvertent damage to
the sites during construction, each will be fenced and its
location plotted on construction maps. Construction
personnel will be made aware of the location of the sites
so they can be avoided. If these procedures are followed,
no adverse impacts should occur and archaeological
monitoring during construction should not be necessary.
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Since the access road and antenna facility are both
located on bedrock and glacial moraine (and not on soft
cinder deposits), the 1likelihood of discovering isolated
burials is very small. If remains are uncovered, an
archaeologist will be notified immediately.

A small portion of the access road alignment is
within the boundary of the Mauna Kea Adze Quarry National
Historic Landmark. There are no archaeological sites
included within the Landmark area that will be affected by
the construction of the antenna facility access road
(Appendix C).

5.2 Operations phase

Indirect impacts can be generated during the
operations phase of the VLBA project. The presence of the
facility and the access road could attract visitors to the
site and encourage off-road vehicle use. Although the
four archaeological sites within the project area are not
of great significance in themselves and are not excellent
examples of site types, they do form a portion of a larger
context of Hawaiian religious and economic use of Hawaii’s
only glaciated landscape (Appendix C).

NRAC intends to protect the sites (by fencing or
other means) and preserve them. A sign near the entrance
to the access road will warn people of the penalties for
disturbing archaeological sites (the wording of this sign
will be approved by the DINR Historic Sites Section).
On-site persommel will be instructed to notify the
Enforcement Division of DINR if any one is seen disturbing
the sites.

Visibility and Aesthetics
6.1 Construction phase

The pPresence of. construction equipment,
construction materials, and temporary structures will
impact the visual quality of the area. This effect will
be temporary since these items will be removed when the
project is completed.

6.2 Operations phase
The antenna facility was evaluated for short-range
(within the summit area) and long-range (island-wide)

visual impact. The complete analysis is presented in
Appendix H. A summary of the findings follows:
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7.0

Short-range: As shown in Figure IV-2, the antenna will be
partially visible from two locations along the Mauna Kea
Observatory (MKO) Access Road; once for about 100 feet
from a point about 600 feet north of the entrance to the
facility access road and again for a stretch of about 250
feet about 1,000 feet farther north. The antenna will be
completely visible along a 2,500-foot portion of the MKO
Access Road at the 13,400-foot elevation. 1In addition,
several hundred feet of the facility access road will be
visible from the MKO Access Road.

Long-range: The antenna facility will be built in a
low~-lying saddle between between two cinder cones which
rise from 230 to 380 feet above site elevation. These
landforms are expected to block out the view of the
antenna from most areas. In addition, because the site is
about 1,500 feet below the summit ridge on the southern
face of the mountain, the facility will not be visible
from the northern part of the island.

As shown in Figure IV-3, the antenna will not be visible
from downtown Hilo. It may, however, be partially visible
from Leleiwi Point, portions of Waiakea Homesteads, a
two-mile stretch of the Saddle Road near Kaumana, and
portions of +the Puna District from Keeau to Kapoho, one
small area near Onomea and an area near Kipuka Alala in
the Mauna Loa Forest and Games Reserve.

Visual impact of the antenna facility will be low.
Recreational Users

According to the Ski Association of Hawaii, most skiing on

Mauna Kea occurs near the summit. When snowfall reaches lower
elevations, skiers generally tend to stay on runs that are close
to the MKO Access Road. The "King Kam Run" is located far to

the

east of the access road, and 1is therefore seldom used.

Because snowfall sufficient for skiing is rare in the project

area;

recreational skiing should not be adversely impacted by

the VLBA facility.

As required by DLNR, an area 400 yards around the facility

and on either side of the access road will be posted for no
hunting. Although sheep or sheep-mouflon hybrids occasionally
frequent the site, there is a lack of forage in the area and the

site

is probably seldom used by these animals (Appendix F). The

presence of the VLBA antenna shoculd not adversely impact hunting
in the area.
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8.0 Radio Frequency Interference (RFI)

A new radio astronomical observing site and telescope must
operate within the existing radio spectral environment. The
radio environment includes all radio communication and broadcast
emissions authorized by the Federal Communications Commission
(FCC) Regulations and by National Telecommunications and
Information Administration (NTIA) Regulations. The VLBA site
was selected because it is shielded from transmitters on Mauna
Loa by a cinder cone. RFI from transmitters that comply with
Fgc and NTIA regulations is not expected to be a problem at the
site.

Harmful RFI at the VLBA site caused by emissions violating
FCC or NTIA regulations can be mitigated by cooperative efforts
between NRAC and the source owner, or if necessary through FCC
and NTIA administrative procedures. Recent studies indicate
that radio communication emitters (such as police) at the
kilowatt or lower EIRP level, and at current electronic sites,
create 1little harmful RFI at the VLBA site. FM and TV
proadcasting and other high-power emitters at the multi-kilowatt
EIRP levels, however, could potentially create harmful RFI from
both the fundamental and spurious emissions. In such cases NRAO
would carefully analyze the proposal and negotiate with the
applicant to mitigate problems when the transmitter is being
designed.

9.0 Infrastructure, Utilities and Services
9.1 Potable water

It is estimated that on-site personnel will use 100
gallons per day of water for domestic consumption. Water
will be trucked to the site and stored in a 2,000 gallon
tank located Jjust outside of the fenced area. Water for
the telescopes in the summit area is trucked from Hilo.

The same truck can stop at the VLBA site periodically to
top off the storage tank.

9.2 Sewage disposal

wastewater will be discharged into a cesspool at

the edge of the antenna facility site. BAny seepageé out of
the cesspool would 1likely be through the gravelly soils
overlying bedrock and through fractures and other openings
in the bedrock. It is anticipated that a
five-foot~diameter cesspool could dissipate the planned
flow of 100 gallons per day. (This is equivalent to less
than a half-hour flow from a garden hose, or one-sixth the
nominal wastewater flow from a three-bedroom house.) The
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cesspool will be sized and located to satisfy all State
Department of Health regulations.

It is unlikely that wastewater will percolate

beyond the immediate site area. There are no known
springs downslope from the site. The depth to ground
water is unknown, but is expected to be hundreds or
thousands of feet. The antenna site 1is extremely

isolated, .roughly two miles from and 3,000 feet higher
than Hale Pohaku, the closest development downslope. Lake
Waiau is roughly 1,000 feet higher than the site and about
10,000 feet to the northwest, so could not be affected by
wastewater seepage. Therefore, no adverse impact is
expected from wastewater discharged into a cesspool at the
site (Appendix D).

9,3 Electrical Power

The estimated demand for electricity is 100 kW;
about 40,000 kWh are projected to be used per month.
Electric service will be provided by an underground
connection to the HELCO system; the capacity of the system
is sufficient to accommodate the electrical needs of the
VLBA antenna; there will be no adverse impact on other
users of the system. The standby generator will only
operate during a commercial power interruption, it will
not impact other facilities within the Science Reserve.

9.4 Communications
The telephone requirements of the VLBA are four

digital grade circuits back to the nearest exchange.
Service will be provided by an underground connection to

the +trunk 1line which will run from the summit to Hale

Pohaku. From there, transmissions will be relayed to
other Hawaiian Telephone facilities in Hilo. The trunk
l1ine is scheduled to be installed by the end of 1988,
before the VLBA antenna becomes operational. This system
wiil eliminate a source of potentially harmful RFI.

9.5 Additional services

Solid waste generated at the site will be kept in
mongoose-, rat—-, and cat-proof refuse containers. It will
be carried down to Hale Pohaku daily by NRAO staff. From
there, it will be trucked daily to a dumpster located at
the headquarters of the Mauna Kea Support Services (MKSS)
in Hilo.
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The facility will have an appropriate number of
fire extinguishers and a fire escape plan. NRAO personnel
will be responsible for fire protection at the antenna
site.

The operation of the station does not present any
particular type of safety threat ¢to people or animals.
Even so, the entire facilities area will be enclosed in a
security fence to prevent inadvertent or unauthorized

entry to the site.

Because the nearest medical facilities are located
in Hilo, and the response time for these services is
longer than one hour, NRAO personnel will be trained in
first aid. In the event of an emergency that they cannot
handle, they will either utilize the services of the
emergency room which is located in the common area of CCIA
or call for the ambulance which is parked between the
UKIRT and the 88-inch telescope buildings at the summit.

PROBABLE ADVERSE ENVIRORMENTAL EFFECTS WHICH CANNOT BE
AVOIDED

short-term Impacts
1.1 rraffic

an increase in traffic will be unavoidable during
the construction phase of the project. This traffic,
which includes large construction equipment and workers’
vehicles, will end when construction is completed.

1.2 Air cquality

Increased vehicular traffic and internal
combustion engines on heavy construction equipment will
result in the generation of emissions into the air.
Engine emissions will be mitigated by using properly
functioning emission control devices as required by law.

1.3 Visual

Construction eguipment, related wmaterials and
temporary structures will be located on-site during the
construction phase of the project. This impact will be
temporary sSince all equipment and materials will be
removed at project completion.
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Long-term impacts
2.1 Flora/Fauna

Biota within the designated construction area will
be destroyed. This impact will be minimized by
instructing the contractor to confine activities to
specified areas. NRAO will also direct its personnel not
to disturb areas surrounding the facility, and ensure that
predators are not inadvertently brought to the area.

2.2 visual Character of the Area

The VLBA facility and access road will Dbe
constructed on 1land that is currently undeveloped. The
antenna site and the access road will be covered with
compacted gravel to blend into the existing terrain. From
the MKO Access Road below +the summit area, only the
facility access road and the top of the antenna will be
visible, and then for only two short stretches. It will
be +totally visible from the summit area looking down to
the site.

The view of the antenna will be blocked out from
most areas outside of the Science Reserve. It will not be
visible from downtown Hilo. Long-range visual impact of
the antenna facility will be low.

2.3 Historical/Archaeological Sites

!
Four archaeological sites were located in the

project area; ncne .are within the proposed construction

site boundaries. In order to prevent inadvertent damage
to the sites during construction, each will be fenced and
its location plotted on construction drawings.

Construction personnel will be made aware of the existence
and location of the sites so that they will be avoided.
If remains are uncovered, an archaeologist will be
notified immediately.

Indirect Impacts

- 3.1 Flora, Fauna and Archaeological Sites

The presence of the facility and access road could
generate indirect impacts on the surrounding area. These
impacts could include: disturbance of archaeological
sites, geologic features, and habitat of endemic arthropod
fauna by off-road vehicle use; and, increased mortality of
birds (should they be present in the future) due to
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rodents and feral predators associated with the facility
and light attraction 1leading to collision with facility
structures.

In order to minimize these potential impacts,
archaeological sites will Dbe fenced and a sign near the
entrance to the access road will warn people of the
penalties for disturbing them. Signs will also be placed
along the facility access road warning people that
off-road driving is prohibited. Mongoose~-, rat-, and
cat-proof refuse containers will be used and refuse will
be removed from the area frequently so that these mammals
do not establish themselves at the site. Shielded lights
will be used at the facility so as not to attract

night-flying Petrels.
3.2 Radio Frequency Interference (RFI)

Potentially harmful RFI from transmitters would he
mitigated by negotiations between NRAO and the applicant
,or licensee. In the case of FM and TV broadcasting and
other high-power emitters, which could potentially create
harmful RFI, NRAO would carefully analyze the proposal and
negotiate with the applicant to mitigate problems when the
transmitter is being designed.

F. RELATIONSHIP OF SHORT-TERM USES AND ENHANCEMERT OF
LONG-TERM PRODUCTIVITY

The proposed project will add to the State’s growing
research and development industry and will make long-term
contributions to the advancement of our understanding of the
universe. This can be accomplished without any significant
disruption to the environment or to other activities on Mauna
Kea.

G. TRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES

Construction and operation of the proposed VLBA project
would involve the irretrievable commitment of  money,
construction materials, manpower and energy. The irretrievable
commitment of land will be minimal since the buildings and
above-ground structures would be removed in the event the
facility is permanently closed. Through limited grading and the
use of compacted gravel jinstead of pavement on areas used for
the facility, the area could be returned to nearly its natural
state.
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H. SUMMARY OF UNRESOLVED ISSUES

Means to control public access to the VLBA antenna and
off-road driving are being discussed by IFa and NRAO. At
present, it is planned to allow public access along the VLBA
access road. Signs will be placed along the road warning people
that off-road driving is forbidden. Those ignoring this warning
will be reported to MKSS personnel who will then call
enforcement officers of DLNR or Hawaii County Police to remove
them from the mountain. People seen disturbing archaeological
sites will also be reported.

The situation will be monitored. If off-road driving
cannot be controlled by signs and warnings, other methods to
restrict  access will be developed in cooperation and
coordination with DLNR personnel.
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PART V: ALTERNATIVES TO THE PROPOSED ACTION

A. ALTERNATIVE SITES

1.0 overview

It is the policy of the UH Institute for Astronomy (IFA)
to reserve the summit siting areas for telescopes that will take
maximum advantage of the attributes of the summit; a prime
high-altitude site should not be used for a facility that does
not need it. The VLBA antenna belongs to an entirely new class
of facility than the existing and planned telescopes on the

summit of Mauna Kea. It has entirely different siting
requirements from the optical, infrared and
millimeter/submillimeter-wavelength telescopes in operation
there. . As long as the VLBA antenna is above the tropical

inversion layer, there is no scientific advantage to putting it
at a higher elevation.

Because the VLBA does not require the extreme altitude of
the summit area for optimal operation, six alternative siting
areas, both within and outside of the Mauna Kea Science Reserve,
were evaluated, they are: Haleakala, Maui; Hualalai, Hawaii;
Mauna Loa, Hawaii; and three locations within the Science
Reserve. A site at about the 12,200-foot elevation of Mauna
Kea, within the Science Reserve, was selected as a result of
this process.

2.0 Site Selection Criteria

At minimum, a potehtial site for the Hawaii antenna must
have the following attributes: _

o Intermediate to High Altitude. Because of the
distance between the Hawail station and the other
antennas, it is especially important to the
performance of the array that the antenna operates
in an atmosphere of dry, stable air in order to
assure that image quality is optimized and high
guality data are received. Consequently, the
antenna should be sited above the tropical
inversion layer, which usually ranges from 8,000 to
9,000 feet above sea level.
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o Low horizon to the east. All ten antennas of the
VLBA must 1look at the same object simultaneously.
In order to assure maximum coordination with other
antennas in the array, from a site considerably
west of the others, it is important that the line
of sight to the eastern horizon be comparatively
free of obstructions, such as terrain features or
man-made structures.

o Low levels of man-made radio signals. The radio
signals emitted from distant astronomical objects
are very faint. In order to receive these radio

signals without interference, the antenna should
not be directly exposed to strong transmitters
closer than 20 miles.

1.0 Preliminary Site Identification

The first phase of the site selection process locked for
locations at elevations high enough to assure that the antenna
would operate in a dry stable atmosphere almost all of the
time. As a result, all potential sites located at elevations
below the normal tropical inversion layer of 8,000 to 9,000 feet
(such as available locations on Oahu) were eliminated from
further consideration. Six potential siting areas that met the
criterion were identified (Figure V-1), they are:

o Haleakala, Maui. The summit area, within and
adjacent to Science City:

o Hualalai, Hawaii. The immediate summit area:;

o Mauna ILoa, Hawaii. The north slope, above the
8,000-foot elevation;

o Mauna Kea, Hawaii. Three locations within the
Mauna Kea Science Reserve (Figure V-2):

(a) Telescope Siting Area C (SRCDP): the saddle
area between the summit cinder cones at an
elevation of 13,300 to 13,400 feet (a.k.a.
Millimeter valley) near the existing

millimeter and submill imeter-wavelength
telescopes.
(b) The 12,200-foot elevation of the Science

Reserve: a saddle area between two cinder
cones, about 2,600 feet northeast of the
Mauna Kea Observatory (MKO) Access Road.
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(c) The 11,800-foot elevation of the Science
Reserve: an area about 200 feet west of the
MKO Access Road.

4.0 Second Screen Evaluation

A field visit was conducted to each of the six identified
locations in order to observe site conditions, to verify whether
the area in question would meet the basic siting criteria for
the VLBA and to identify any other limitations and constraints
that could affect its suitability as an antenna site. As a
result, Haleakala, Hualalai, Mauna Loa and Telescope Siting Area
C at the Mauna Kea summit were eliminated from further
consideration as potential VLBA sites. Two potentially suitable
locations (sites at the 11,800 and 12,200-foot elevations within
the Mauna Kea Science Reserve) were selected as candidates for
further, more detailed, evaluations.

The following subsections describe the characteristics of
four siting areas and the reasons each was rejected.
(Evaluations of the two candidate Mauna Kea sites are presented
in subsection 5.0): -

4.1 Haleakala (Figure V-3)

Haleakala is a large shield volcano which makes up
most of the eastern portion of the Island of Maui. The
summit of the mountain (Red Hill, elevation 10,023 feet),
is an isolated peak which rises high above the surrounding
terrain. Tt is above the tropical inversion layer most of
the time.

Science City, situated on an 18-acre site owned by
the University of Hawaii (UH), is located to the southwest
of Red Hill. Tenants of the complex include: the U.S. Air
Force Maui Optical Station (aAMOS); the UH Mees Solar and
LURE observatories; a repeater station for Aeronautical
Radio, 1Inc.; <the Airglow Observatory; a radar antenna;
and, the Smithsonian Tracking Station. Three television
repeaters, a U.s. Air Force building, a remotely
controlled Federal Aviation Administration (FAA) facility
with transmitter repeater, and repeater stations for Maui
and Hawaii County police radio are located nearby (U.S.
Department of the Air Force, 1987).

There are two sites available within the Science
city complex that have topography suitable for the VLBA
antenna. After calculating the building envelope for the
antenna and associated facilities, it was discovered that
the presence of the antenna on either of these sites would
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cause severe sKy blockage for the LURE Observatory; one
would also interfere with the Mees Observatory.

Possible RFI from civil transmitters in the
vicinity of the Haleakala summit was assessed (Brundage
and Peery, 1983). The findings revealed that these
transmitters generate a level of RFI that is above harmful
interference levels for the VLBA.

The Haleakala summit jis exposed to winds from all
directions, Data collected during 1985 show that wind
velocities exceeded 25 mph 30 percent of the time, ranging
from a low of 13 percent during September to a high of 55
percent during March (Deuel, 1986). Operation of the vLBA
antenna in precision pointing mode requires that the wind
not exceed 25 mph.

Haleakala was rejected as a site for the VLBaA
antenna because of the potential adverse impacts of the
facility on existing operations at Science City; the
potentially harmful levels of RFI which coulad adversely
affect the antenna’s operation; and frequent high wind
conditions.

4,2 Hualalai (Figure v-4)

The summit of Hualalai volcano, elevation 8,275
feet, 1is located eight miles east-northeast of the town of
Kailua-Kona, on the western side of the Island of Hawaii.
From the summit, the horizon is practically clear except
for the summits of Mauna Kea (ENE, elevation 2.0°) and
Mauna  Loa (SE, elevation 2.59), All of the upper
portion of Hualalai is owned by the Bernice Pauahi Bishop
Estate. It is closed to the public.

Even though Hualalai is one of the oldest volcanoes
on the island, it erupted as recently as 1800 - 1801. The
area is classified as risk zone de; risk increasing from a
through f (Figure v-5). Future eruptions of Hualalai
would be expected to originate in the summit area and
along the northwest and southeast rift zones. "The next
eruption of Hualalai could conceivably occur within the
life-span of persons now living (Mullineaux and Peterson,
1974)m,

There is little published meteorological data
available about the summit of Hualalai. Extensive field
testing would have to be undertaken to determine weather
conditions at the summit.
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Infrastructure on the upper slopes of Hualalai is
primitive. A paved road reaches to about the 5,000 foot
elevation. Several radio transmitters, ranging in
elevation from 5,400 feet to 6,100 feet, are located a
short distance above this point. Vehicular access from
above the transmitters to the summit is limited to rough
jeep trails. There is no electrical power above the
transmitters (Wade, 1987).

Hualalai was rejected from further consideration
pecause of the high probability of unacceptable RFI from
existing transmitters in the area and potentially high
construction costs (e.g. in oxder to provide access and
electrical power to the site, over three miles of
transmission lines and 12 miles of new road would have to
be built over very rough and steep terrain). In addition,
not enough is known about prevailing weather conditions at
the summit to make an informed decision as to the
suitapility of the site Dbased on the prevalence of dry,
stable air in the area.

4.3 Mauna Loa (Figure V-6)
Mauna Loa, elevation 13,677 feet, is the second

largest of the five shield volcanos which make up the
Island of Hawaii. It is an active volcano, last erupting

. in 1984. The area considered for the VLBA antenna is on
the north slope of the Northeast Rift 2Zone of the
mountain. A site at the B8,990-foot elevation, was

selected for analysis because of its suitable topography
and unobstructed line-of-sight to the eastern horizon. In
addition, the tropical inversion layer on Mauna Loa is
usually well below that elevation.

Existing facilities in the area include: the Mauna
Loa Observatory (MLO), a meteorological station operated
by the U.s. National ©Oceanic and Atmospheric
Administration (NOAA), at the 11,100-foot elevation; the
Kulani Mauka climatological station at the 8,300-foot
elevation, also operated by the MLO; and, three
transmitting towers containing microwave relay and VHF/UHF
repeater facilities, located near Kulani Mauka. Access to
these facilities is via a paved road which runs from the
Saddle Road to MLO; vehicular access above the 11,100
elevation is restricted to four-wheel-drive vehicles.

Rainfall in the area averages about 30 inches per

year. puring 1986, winds averaged 12 nmph, ranging from 8
mph during September to 17 mph in February (NOAA, 1987).
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Potential impacts of the project on the environment
in the vicinity of the proposed site was assessed by
Frederick R. Warshauer in August 1987 (Appendix H). He
concluded that the major impact of the proposed project
would be the destruction of about 1.5 acres of sparse, but
relatively mature plant community (and any associated
sessile arthropods) during construction. Since only
0.02 percent of this community type on Mauna Loa would be
destroyed, the loss could be considered insignificant.

If the Mauna Loa 1location is selected, Warshauer
recommends monitoring the site for introduced plants at
least twice following construction, in order to prevent
the spread of weeds into adjacent native vegetation. 1In

addition, because the endangered ‘ua‘u (Dark-rumped
Petrel) could be affected by lights on or next to the
facilities, all exterior 1lighting associated with an

antenna on this site would need to be kept to a minimum
and effectively shielded to prevent upward and outward
escape of light.

Lava flows are a hazard at the Mauna Loa site
because of its location directly downslope from the

volcano’s active northeast rift 2zone. Mullineaux and
Peterson (1974) classify the area as risk =zone f for
volcanic  hazards; risk increasing from a through £

(Figure V-5).

In order to more precisely characterize the
volcanic hazard in the immediate area of the proposed
site, a detailed geological map of the area surrounding
the site (about 12 sq. miles) was prepared and the number
and ages of exposed flows were identified (Lockwood,
et al., in press). Although sixteen distinct lava flows
were found, almost 66 percent of the area is covered by
flows occurring during five historical eruptions that
traversed near the site between 1843 and 1935. If the
historical coverage rate continues, the probability that
the site will be covered by 1lava during the proposed
25-year-life-span of the facility is about 1 in 6. A lava
diversion structure constructed upslope of the site could
offer some protection from future lava flows in the area
(Ibid.) .

The Mauna Loa site was rejected for two reasons.
First, it appears that the antenna will not only be in
direct line-of-sight of existing radio transmitters
located at the Kulani Mauka station, the Humuula
electronics site and the Army Pohakuloa Training Area, but
also of several high powered AM, FM and TV transmitters

v - 12
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that may be constructed in the area in the near future.
The potential risk of harmful RFI from these sources is
high and above acceptable limits for operation of the VLBA
antenna. Secondly, the risk of lava inundation was too
high, especially since other, less hazardous, sites are
available.

4.4 The Mauna Kea Summit (Figure (I-5)

siting Area €, also called Millimeter Valley, is
one of four telescope siting areas at the summit that were
delineated in the Mauna Kea Science Reserve Complex
Development Plan (SRCDP). It is a flat area, located
between the 13,300~ and 13,400~ foot elevations, about 450

feet lower than the summit cinder cone (Puu Wekiu). The
conditions in the area are ideal for submillimeter and

millimeter-wavelength astronony; both the Caltech
Submillimeter Observatory and the James Clerk Maxwell
Telescope are located there. According to the SRCDP

(RCUH, 1983a), there is sufficient space in the area for
one or two more similar telescopes.

The siting area is well above the tropical
inversion layer; the surrounding cinder cones shield it
from the wind. Data collected at the James Clerk Maxwell
Telescope between October, 1987 and April, 1988, show that
average winds ranged from a high of 10 mph during the
month of February, 1988, to a low of 6 mph during the
months of October and December, 1987 and January, 1988.
The peak wind speed recorded during this period was 60
mph, which occurred in March, 1988.

Until recently, RFI did not affect the operations
of summit telescopes. At the present time, personnel from
the millimeter-wavelength telescopes and IRTF report that
incidents of RFI are increasing. The source of the RFI
has not been identified (Longfield, personal comm.).

According to the SRCDP FEIS (RCUH, 1983a),
Millimeter Valley is not a sensitive botanical area.
Because of the 1limited amount of vegetation, birds are
rarely seen in the area. The elevation is too high and
the climate too cold and windy to provide a suitable
habitat for Dark-rumped Petrels.

Arthropods inhabiting the lavas 1in the area

include: the moth Archanarta, the spider Lycosa and the
centipede Lithobius. No specific measures for mitigating

impacts on resident invertebrates, other than to minimize
dust, were recommended by the SRCDP consultants
(RCUH., 1983b).

vV - 13
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There are two archaeological sites located
approximately 450 feet and 700 feet respectively from the
caltech Submillimeter Observatory (Caltech, 1982). These
sites are described as shrines. It is doubtful that
cgnstruction of an antenna in this area would affect these
sites.

There are three major reasons for not siting the
VLBA antenna in Millimeter Valley (Siting Area C):

o] snow tends to accumulate in the area and when
temperatures become low enough ice loading is
likely to occur. The antenna would have to be

housed in a radome if it were sited there. The
signal degradation caused by the radome would
largely cancel the advantage of placing the antenna
above the tropical inversion layer.

o] Tt would be a particularly pooxr site for the
antenna because of the high (10 to 15 degree)
horizon to the east and northeast, the directions
in which it is most important to observe (since the
Hawaii antenna is far to the west of the others).
Inability to observe at or near the horizon in this
quadrant would seriously compromise the performance
of the array as a whole.

o As stated previously, there is no scientific
advantage to putting the antenna at an elevation
higher than just above the tropical inversion
layer. It ijs counter to the policies of the
Institute for Astronomy in regard to the Science
Reserve to use a prime high-altitude site for a
facility that does not require it.

Selection of the Preferred Site
5.1 Evaluation criteria

A detailed analysis (including field surveys for
flora, fauna and archaeological sites) and comparative
evaluation of the two remaining candidate sites within the
Mauna Kea Science Reserve was based on the following
criteria:

o Radio frequency interference. Is +the site well
protected from harmful radio frequency
interference?
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o Low _eastern horizon. Is the view of the eastern
horizon clear and unobstructed?

o Endangered species Will construction of the
antenna disturb rare or endangered plants or
animals?

o Archaeological sites. Are there important

archaeological features 1in the area that could be
disturbed during construction?

o Visibility. How visible would the antenna be from
populated areas of the island and from other areas
within the Mauna Kea Science Reserve?

5.2 Mauna Kea at the 11,800-foot Elevation
(Figure V-7)

The site is just north of the southern boundary of
the Mauna Kea Science Reserve, adjacent to the MKO Access

Road. A four-wheel-drive vehicle trail crosses a portion
of the site. The area is flat and covered with ground
moraine deposits. The soils are mostly coarse gravels,

with cobbles as large as several feet in diameter. A
cinder cone to the west rises about 100 feet above site
elevation. As viewed from the site, the horizon is
generally clear of obstructions, except for a small
portion in the northeast which rises to about 5 degrees.

The 11,800-foot elevation of Mauna Kea is well
above the tropical inversion layer and cinder cones in the
vicinity of the site would protect the antenna from strong
westerly winds. According to Dr. Andre Erasmus, UH IFA
Meteorologist, average temperatures increase by 1°C for
every 100 meters of decreased elevation, thus the
temperature at the site would be about 6°C warmer than
at the summit. It hardly ever snows at this elevation,
precluding problems of snow and ice loading.

Preliminary analysis revealed that from this site,
the antenna would be in direct line-of-sight of the Kulani
Mauka transmitters on Mauna Loa. That area is also the
most 1likely location of future AM, FHN, and TV relay
stations because signals emanating from there can reach
more people than from any other place on the island.

There are no federally listed threatened or
endangered species present on the site. Two field surveys
failed to locate any remains or evidence of nesting
activity of the ‘ua’u (Appendix F).
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As described 1in Appendix E, the site is almost
barren of vegetation. Small numbers of Hawaiian bent

(Agrostis sandwicensis) and he’u-pueo (Trisetum

glomeratum), members of the grass family Poaceae, and two
species of 1lichen, Candelariella vitellina and Lecidea
skottsbergii, were found on the site. Each of these
species grows elsewhere and the site is not an important
habitat for them.

Endemic wolf spider (Lycosa) skins were found under
large stones on the site, but only one spider was

sighteqd. Limited  numbers of other invertebrates,
including species of spiders (Erigone) and springtails
(species undetermined) were also observed. The most

common invertebrates in the area are exotic economic pests
Hydrellia and Pollenia, members of the f£ly family
Diptera. Impacts on native invertebrates inhabiting the
site would be minor (Appendix G).

No cultural features are present on the site
(Appendix Q). The western boundary of the site is within
several hundred feet of the Mauna Kea Ice Age Natural Area
Reserve, therefore, indirect impacts of the antenna on the
features within the Reserve must be considered if the
facility is located on this site.

Both the short-range (within the summit area) and
long-range (island-wide) wvisual impact of the VLBA antenna
was evaluated (Appendix H). As shown in Figure V-8, at
short-range the antenna will be visible along about two
miles of the MKO access road from about 500 feet below the
site to a point near Puu Hau Kea. It will be also be seen
from a 2,500-foot stretch of the MKO Access Road at the
13,400~foot elevation near the summit. Because the
terrain in the vicinity of the site is open and level, the
entire complex (antenna and support facilities) will be
visible from these vantage points.

As shown in PFigure V-9, the antenna will be
visible from Leleiwi Point, portions of the Saddle Road,
all of Waiakea Homesteads, all of Keeau, Puna, portions of
Hawaii Volcanoces National Park and the north face of Mauna
Loa. There are no minor topographic variations which
might obscure the 1lower portion of the antenna from the
viewer, therefore the entire telescope may be visible from
much of the area shown on the Figure.
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5.3 Mauna Kea at the 12,200~foot Elevation
(Figure 1II-2)

This site is described in detail in previous
sections of this SEIS. To summarize, the proposed antenna
site is on a flat plain between two cinder cones, roughly
2,600 feet northeast of the MKO Access Road. The area is
essentially barren with no ground cover. Several species
of grass and lichen grow there in small numbers.
Invertebrates in the area are limited to several species
of moths, spiders, and flies. There are no rare or
endangered species present.

Four archaeological sites were located during z
field survey of the area (Appendix C). Three of these
sites, probable shrines, may have cultural or religious
significance. The fourth is described as a rock shelter.
None of the sites 1is within the proposed construction
area.

Weather conditions (water vapor, temperature, and
wind) are similar to those at the 11,800-foot elevation.
The temperature at this site is estimated to average about
5°¢c higher than at the summit. Snowfall and freezing
temperatures are rare in the area. The proposed antenna
site is well protected from the occasional high winds from
the west. Cloud cover conditions are similar to those at
the summit, except during the midday hours when cloudiness
may be more prominent.

RFI is not expected to be a problem at the site.
The cinder cone to the south of the site will shield the
antenna from transmitters on Mauna lLoa. The eastern
horizon, as viewed from this site, is not obstructed by
natural or man-made features.

Two cinder cones, which rise from 230 to 380 feet
above site elevation, are expected to block out the view
of the antenna from most areas. At short-range the
antenna will be partially visible from two locations along
the MKO Access Road; it will be completely visible form
selected areas at the summit (Figure IV-2). The antenna
would not be visible from downtown Hilo. As shown in
Figure 1IV-3, it may be partially visible from other areas
outside of +the Science Reserve such as, Leleiwi Point,
portions of Waiakea Homesteads and portions of the Puna
District from Keeau to Kapoho.
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— 5.3 comparative Evaluation of Sites

o Radio frequency interference. The site at the
12,200-foot elevation is superior because the
cinder cone to the south will shield the antenna
from transmitters on Mauna Loa. The risk of
harmful RFI from present and future sources in

- direct 1line-of-sight of the 11,800-foot elevation

‘ site is high and may be above acceptable limits for
operation of the VLBA antenna.

o Low eastern horizon. The two sites are equally
suitable.
i o Endangered species. There are no rare Or
e endangered species present on either site,
therefore, the sites are equally suitable.
‘ o Archaeological sites. There are four
h archaeological sites present near the upper site.
They will not be affected by construction
- . s )
. activities and can be preserved. However, because
L there are no cultural remains on the lower site, it
would be more suitable.
L o Visibility. An antenna sited at the 11,800~foot
elevation would be more visible from both short and
- long-range than an antenna at the 12,200-foot
;‘ elevation site. The upper site, sheltered by
— cinder cones, is therefore superior to the lower
site.
[
L 5.4 Results of the Analysis
— The site at the 12,200-foot elevation was selected
L} as the preferred location for the VLBA facility primarily
because it is protected from potential RFI from existing
n and proposed transmitters on Mauna ILoa and secondarily
F= because it would be barely visible from populated areas of
) the island. Even though construction at the selected site
would probably be more costly, the risk of harmful RFI
™ compromising the effectiveness of the antenna led to the
- rejection of the lower site.
"
o
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B. NO ACTION

The no action alternative means the western most antenna
of the VLBA would not be in Hawaii, thus limiting the project’s
ability to achieve its desired scientific goals. The purpose of
the VLBA is to produce the most detailed radio images of
astronomical bodies that can be obtained with a ground-based

instrument. The number and configuration of antennas was
determined in order +to optimize the resolution from within the
United  States. A key factor in achieving this optimal

resolution is the baseline 1length between elements in both
north-south and east-west directions. For this reason, Hawaii
is a critical element to the VLBA. Elimination of Hawaii as a
site would significantly impair the performance of the array.

If the VLBA antenna is not built, the proposed site would
be 1left in its natural state for the foreseeable future. At
some later date, however, other antennas or telescopes, not
requiring high altitude sites, may choose to locate there.

C. ALTERNATIVE ACTIONS

There are no alternative actions that would achieve the
project’s goals. All ten antennas of the array are identical in
design, and must operate in a coordinated manner. There are no
facilities in Hawaii which could substitute for the proposed
antenna. without an antenna in Hawaii, the array would still
function, but with such impaired performance that its
construction would be hard to justify.
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PART VI: RELATIONSHIP OF THE PROPOSED PROJECT
TO POLICIES AND PLANS FOR THE AREA

A. HAWAII STATE PLAN

The Hawaii State Plan (Act 100) sets forth long range and
comprehensive goals, objectives, and policies to guide future
development in the State of Hawaii. It further details priority
directions which indicate areas of statewide concern meriting
immediate attention (DPED, 1978).

One stated objective of the State Plan is "increasing and
diversifying Hawaii’s economic base." The proposed VLBA
facility fulfills +this objective. It also fulfills a related
policy of 'promoting Hawaii’s geographic, environmental and
technological advantages to attract new economic activities into
the State."

Characteristics of the type of new industry considered
desirable for the State are described in Part III, Priority
Directions, Section 1103, subsection (e}. These characteristics
include:

o An industry that can take advantage of Hawaii’s
unique location and available manpower resources;

o A new industry should be a clean industry that
would have minimal effect on Hawaii’s environment;
and,

o An industry which is willing to hire and train

Hawaii’s people to meet the industry’s labor needs.

Astronomical development in general, and the VLBA facility
in particular, possess these characteristics. Part IV of this
SEIS demonstrates that the facility would have only a minimal
impact on the environment. In addition, NRAO has stated that
antenna staff would be hired locally.
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B. GENERAL LEASE NO. S5-4191

On June 21, 1968, the UH entered into an agreement with
the BINR to 1lease an estimated 13,000 acres on the summit of
Mauna Kea for a Science Reserve. The lease ends on the last day
of the year 2033.

The lease specifies that . . . "the land hereby leased
shall be wused by the Lessee as a scientific complex, including
without 1limitation thereof an observatory, and as a scientific
reserve being more specifically, a buffer zone to prevent the
intrusion of activities inimical to said scientific complex."
Activities inimical to the scientific complex include but are
not Jlimited to 1light and dust interference to observatory
operation and certain types of electric or electronic
installations.

C. CONSERVATION DISTRICT POLICIES and REGULATIONS

The VLBA site is within the Resource Subzone of the
Conservation District. The objective of this subzone is to
develop, with proper management, areas to ensure sustained use
of the natural resources of the area. The proposed VLBA antenna
is adding to the research capabilities of the Mauna Kea
Observatory and meets the objective of the Resource Subzone by
utilizing the excellent astronomical resources that Mauna Kea
possesses with minimal impact on the environment.

D. 1977 DLNR MAUNA KEA PLAN

Mauna Kea is an ideal site for a variety of scientific
endeavors and recreational activities. It is also the location
of a number of rare plants and birds found nowhere else in the
world. In order to control development on the mountain and
resolve conflicting demands on the area’s natural resources, the
Board of Land and Natural Resources (BLNR) adopted The Mauna Kea
Plan in February 1977 (DLNR, 1977).

The area covered by the Mauna Kea Plan includes all of the
Conservation District land on the mountain from the summit to
the Saddle Road. The Plan created management areas for various
resource areas on the mountain (Figure VI-1) and states that the
Science Reserve Area is to be used primarily for scientific
research, in accordance with existing lease arrangements with
the UH. At the request of UH, and with the approval of the
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BLNR, the Plan was amended in 1985 to allow overhead powerlines
from the saddle road to Hale Pohaku and paving of the MKO Access

Road.

E. UNIVERSITY OF HAWAII RESEARCH DEVELOPMENT PLAN FOR THE
MAUNA KEA SCIERCE RESERVE AND RELATED FACILITIES

The UH Research Development Plan (UH RDP) serves as the
programmatic master plan for the continued development of the
Mauna Kea Science Reserve. Adopted in January 1982, the plan
sets forth future actions to be taken in the Science Reserve.
Tt also addresses the procedures by which the University will
review and assess applications for new facilities, and the types
of agreements required of all new users of the summit and Hale

*

Pohaku areas (University of Hawaii, 1982).

The proposed VLBA facility meets the guidelines in the UH
RDP for locating facilities within the Science Reserve because:

o The proposed facility serves significant,
identified needs;

o The identified objectives are achievable and the
proposal realistic;

o The facility, in its unique qualities, matches the
excellent properties of the site;

o Mauna Kea is the best site for the facility:

o The project enhances the overall capabilities of

the Mauna Kea Science Reserve;

o NRAO has taken note of public policies and the
concerns of interested groups in Hawaii in
formulating its proposal; and,

o The project £ills a unique and desired place in the
UH program.

F. MAUNA KEA SCIENCE RESERVE COMPLEX DEVELOPMENT PLAN

The Mauna Kea Science Reserve Complex Development Plan
(SRCDP) was approved by the UH Board of Regents in February
1983. It incorporates the policies and criteria set forth in
plans described above (in addition to the 1980 DLNR Hale Pohaku
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Mid-Level Facilities Complex Development Plan) and recommends
amendments to these plans where appropriate. The primary
objective of the SRCDP is to guide and control planned
development in order to preserve the scientific, physical and
environmental integrity of the mountain (RCUH, 1983a).

The  SRCDP identified four siting areas for future
telescopes at the summit of Mauna Kea. These siting areas were
selected specifically for optical, infrared, and
millimeter/submillimeter-wavelength telescopes which require the
extreme altitude of the summit area of Mauna Kea. The VLBA
antenna belongs to an entirely new class of facility not
included in the projection of telescopes anticipated through the
yeax 2000.

The VLBA has entirely different siting requirements than
the types of facilities discussed in the SRCDP. These
requirements have led to the need for an assessment of a new
site at an intermediate altitude within the Mauna Kea Science
Reserve. The SRCDP will be amended to incorporate the new site
and to include the VLBA antenna as an additional facility.

UH IFA also proposes to amend the SRCDP by deleting
references to future communications facilities in the summit
area. The amendment will state that "no transmitters of any
kind will be allowed within the Science Reserve in the future;
those operating there now will be removed as soon as suitable
alternative locations are found."

G. HAWAIY COUNTY GENERAL PLAN

The Hawaii County General Plan contains general economic
policies which pertain to NRAO’S proposed antenna:

o Strive for an economic climate which provides its
residents an opportunity for choice of occupation;

o] continue to encourage the expansion of the research
and ' development industry by working with and
supporting the university, private sector, and
other agencies’ programs developed to aid the
County of Hawaii;

o Strive for diversification of its economy by
strengthening existing industries and attracting
new endeavors; and,

VI - 5



o Encourage the research, develcpment and

implementation of advanced technologies and
processes in existing and potential economic
endeavors.

Hawaii County has encouraged scientific research and
development, along with other types of economic activities, as
preferred industries to broaden and diversify its economic
base. The proposed project will create two to four new jobs,
and will add to the critical mass necessary to support related
jobs such as computer technicians and mechanical engineers. 1In
doing so, the VLBA facility will contribute to the potential of
creating a new range of jobs for Hawaii’s youth.

H. POLICIES AND PLANS INCORPORATED BY REFERENCE

Policies and plans incorporated in this document by
reference include:

o 1980 DLNR Hale ©Pohaku Mid-Level Facilities Complex
Development Plan

o Chapter 343 HRS - EIS Regulations

o Chapter 344 HRS - State Environmental Policy Act

o State Higher Education Functional Plan

o Northeast Hawaii Community Development Plan

o Endangered Species Act of 1973 (U.S.C. 1536) and 1978

amendments to the Act

o Clean Air Act, as amended (42 U.S.C. 1857h~7 et. seq.) ==
no adverse effect expected

o National Historic Preservation Act of 1966, as amended (16
U.S.C. Sec. 470 et. seq.) —-- no adverse effect expected.

o Clean Water Act of 1977 (33 U.S.C. 1251 et. sedq.)} -- no
adverse effect.

o Potable Water Systems, (Chapter 20, formerly Chapter 49,
HRS) ~- no adverse effect.
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I. AN INDICATION OF WHAT OTHER INTERESTS AND CONSIDERATIONS
OF GOVERNMENTAL POLICIES ARE THOUGHT TO OFFSET THE ADVERSE
ENVIRONMENTAL EFFECTS OF THE PROPOSED ACTION

Adherence to the policies and conditions set forth in the
Mauna Kea Science Reserve Complex Development Plan concerning
development in the area act to curtail adverse environmental
impacts of new projects. The Conservation District Use Permit
required before the facility is constructed will also assure
that important environmental aspects have been considered in the
design of the facility and that all restrictions placed on the
pernit as a condition of approval will be strictly adhered to.
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PART VIXY: LIST OF NECESSARY APPROVALS
The following list of necessary approvals doces not include

environmental compliance activities to be undertaken by the
National Science Foundation.

State of Hawaii
Beoard cf Land and Natural Resources
Conservation District Use Permit
Right of Entry
Sublease
Department of Health
Individual Wastewater Disposal System Approval
University of Hawaii
Amendments to the Science Reserve Complex
Development Plan
Memorandum of Understanding
Sublease
County of Hawaii

Planning Department

CDUA Review Process
Plan Approval

Building Department

Grading Permit
Building Permit

Other required permits and approvals will be determined
during the design phase of the project.

VII -1




——

PART VIII: AGENCIES, ORGANIZATIONS AND INDIVIDUALS
CONSULTED DURING THE PREPARATION OF THE
SUPPLEMENTAL EIS

Associated Universities, Inc. (AUI) has entered into
contract No. NSF AST 84 - 03744 with the United States of
America, represented by the National Science Foundation (NSF),
to construct, operate, and maintain a Radio Astronomy
Observatory. This SEIS for the Hawaii antenna of the Very Long
paseline Array (VLBA), which will be part of the instrumentation
of the National Radio Astronomy Observatory (NRAO), was prepared
under Subcontract VLBA - 131 between AUI and MCM Planning.

A. AGENCIES, ORGANIZATIONS AND IRDIVIDUALS CONTACTED

The following individuals, agencies and firms were

contacted for professional services and/or specialized advice
during the preparation of the SEIS.

sub-Consultants to MCM Planning

char & Associates Flora and Fauna
Winona Char Botany
Maile Kjargaard Vertebrates
Steven Montgomery, Ph. D. Invertebrates

Cultural Surveys Hawaii archaeological Studies

Soils, Drainage and

Harding Lawson Associates
Erosion

R. M. Towill Corporation Topographic Maps

Sub—ConsuLtants t+o AUT

Frederick Warshauer Flora/Fauna Assessment
of the Mauna Loa Site
U.S. Dept. of Interior, Volcanic Risk

Geological Survey Assessment of the
Mauna Loa Site
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CORRECTION

( THE PRECEDING DOCUMENT(S) HAS
BEEN REPHOTOGRAPHED TO ASSURE
LEGIBILITY
SEE FRAME(S)
IMMEDIATELY FOLLOWING
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Federal Government

o A e

National Science Foundation

Astronomy Division
Chair, Committee on
Environmental Matters

Ludwig Oster, Ph. D.
Julian Shedlovsky, Ph. D.

U.S. Department of Commerce = .
National Oceanic & Atmospheric Administration

Director, Mauna Loa
Observatory

Saul Price Meteorologist, National
Weather Service

Elmer Robinson

U.S. Department of Interior - Geological Survey

Geologist, Hawaii
Volcano Observatory

John P. Lockwood

State of Hawaii

Board of Land and Natural Resources

William W. Paty Chairperson
Herbert Arata Hawaii Island Member

Department of Budget and Finance

Telecommunications
Manager

Ernest Shima

Department of Land and Natural Resources

Deputy to the
Chairperson

Historic Sites
Conservation and
Environmental Affairs
Forestry and Wildlife
Conservation and
Resources Enforcement
Noah Pekolo conservation and
Resources Enforcement

Libert K. Landgraf

Ross Cordy, Ph. D.
Roger C. Evans

Ronald L. Walker
Maurice Marsuzaki

Research Corporation of the University of Hawaii

Mauna Kea Support

Thomas Krieger
Services
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University of Hawaii - Institute For Astronomy

Donald N. B. Hall, Ph.

Andre Erasmus, Ph. D.
Richard Longfield
Beverly T. Lynds, Ph.

county of Hawaii

Lorraine Jichaku-Inouye

Tim Lai Kwan
Ralph Yoshigami
Richard Matsurami
Ronald Okamura

Glenn Miyao

Larry Mosher
Albert Nakano
. Steven Teodd

Bruce McClure

Organizatjions and Individuals

AUI - NRAO
Campbell Wade, Ph. D.

William Brundage, Ph.
Patrick C. Crane, Ph.

Buck Peery

DI

D.

D.
D.

Director

Meteorologist

Assistant Director
Scientific Assistant to
the Director

Chair, Economic
Development Committee
Hawaii County Council
Planning Department
Fire Department
Police Department
Parks & Recreation
Department

Parks & Recreation
Department
Legislative Auditor
Safety

Research & Development
Planning Department

Head, VLBA Site
Development Group
Project Engineer
Systems Scientist
Frequency Coordinator
Project Engineer

AVCO Research Laboratory, Haleakala, Maui

Rob Deuel, Ph. D.
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Atmospheric
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GTE Hawaiian Tel

J. Eric Anthony Senior Engineer,
Transmission Systens
Mary Matsuda Land & Buildings

James Clerk Maxwell Telescope

Graeme Watt, Ph. D. Deputy Astronomer
in Charge

National Ski Patrol

Thomas Fake Leader,
Mauna Kea Ski Patrol

Ski Association of Hawaiil

Terry D. Krutzler Secretary
B. COORDINATION WITH THE NATIONAL SCIENCE FOUNDATION

The Natiocnal Science Foundation, Committee on
Environmental Matters (NSF), distributed copies of the SEIS
Preparation Notice (NOP) to six federal agencies; none responded
with comments. A copy of the NSF transmittal letter is
reproduced in this section. Agencies receiving NOP’s from NSF
were:

Advisory Council on Historic Preservation, Washington D.C.
Attention: Don Klima

Environmental Protection Agency
office of Federal Activities

U.S. Department of Agriculture, Forest Service
Attention: Wildlife and Fisheries

U.S. Department of the Army
U.S. Army Engineering and Housing Support Center

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
Attention: David Cottingham o

U.S. Department of Interior
Assistant Secretary of Fish & Wildlife & Parks
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C. COMMENTS ON THE SEIS PREPARATION NOTICE (NOP)

The SEIS Preparation Notice was officially filed with the
State Office of Environmental Quality Control (OEQC) on March
16, 1988; notice of availability was published in .the OEQC
Bulletin on March 23, 1988. Comments on the NOP were requested
on or before April 22, 1988. All comments received up to May
15, 1988 were acknowledged. A total of 24 letters were
received; 11 expressed "no comment" and therefore did not
require a response. The following agencies, organizations and
individuals received copies of the NOP; those identified with
asterisks (*) responded. Those with substantive comments are
identified by double asterisks (**); these letters, together
with the UH Astronomy responses, are reproduced in this section
of the SEIS.

Federal Agencies

Advisory Council on Historic Preservation
Golden, Colorado

U.S. Department of Agriculture
*% Soil Conservation Service

U.S. Department of the Army
*% Army Engineer District, Hawaii
HQ Army Support Command, Hawaii

U.S. Department of Commerce
National Oceanic & Atmospheric Administration
Mauna Loa Observatory

U.S. Department of the Interior
Fish and Wildlife Service
*% Office of Environmental Services
Geological Survey
** Hawaiian Volcano Observatory
* Water Resources Division
National Park Service
Hawaii Volcanoes National Park
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State of Hawaii

* Department of Agriculture
* Department of Accounting & General Services
** Department of Budget & Finance
x* Department of Business & Economic Development
* Department of Defense
Department of Hawaiian Home Lands
* Department of Health
** Department of Land and Natural Resources
Department of Transportation
Office of Environmental Quality Control
office of Hawaiian Affairs
Hilo Office
Office of State Planning
University of Hawailil

**x President’s Office
Board of Regents
Chairperson
Hawaii Island Member
Environmental Center
Institute for Astronomy
UH 88-~inch Telescope
NASA Infrared Telescope
Lyon Arboretum
Water Resources Research Center

State ILegislature
- Senate

President

Senators, Island of Hawaii

Senate Committees
Business Development and Pacific Relations
Planning & Environment
Housing, Hawailan Programs & Natural Resources

'House of Representatives

Speaker
** Representatives, Island of Hawaii
House Committees :
Planning, Energy, Ecology & Environ. Protection
Water, Land Use, Development & Hawaiian Affairs
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County o awal

E £

*
*

k%

*k

Mayor’s Office

Hawaii County Council
Chairman’s Office
Committee on Economic Development

Fire Department

parks and Recreation

Planning Department

Police Department

public Works Department

Research and Development

Water Supply Department

orqanizations and Tndividuals

*k

*%

*k

Big Island Amateur Radio Club

california Association For Research in Astronony
W. M. Keck Observatory

california, France, Hawaii Telescope corporation (CFHT)

California Institute of Technology (Caltech) submillimeter
Observatory

conservation Council for Hawaii

GTE Hawaiian Tel

Hamakua District Development council

Hawaii Audubon Society, Mrs. Mae Mull

Hawaii Electric Light Conmpany, Inc.

Hawaii Environmental Tand Planning

Hawaii Island Chamber of Commerce

Hawaiian Electric Company

Hile Chamber of Commerce

Life of the Land

Mauna Kea Ski Tours

Mauna Kea Support Services

James Clerk Maxwell Telescope

Power Sogo, Ph. D.

sierra Club

ski. Association of Hawaii

sportsmen of Hawail

United Kingdom Infrared Telescope (UKIRT)

Frederick Warshauer

west Hawail Amateur Radio Society
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NATIONAL SCIENCE FOUNDATION
WASHINGTON, D.C. 20550 ¢
MAR 22 1988

Environmental Protection Agency
office of Federal Activities
Mailstop A-104

401 M Street, S. W. .
aAttn. Ken Mittelholt
Washington, DC 20460

Dear Sir or Madam:

Enclosed please find a copY of a document entitled "Environmental
Assessment and Notice of Preparation: Supplemental Environmental
Impact gtatement for Construction and Operation of a VLBA Antenna
Facility Within the Mauna Kea Science Reserve" submitted by the
Institute for Astronomy of +the University of Hawaii for the
National Radio Astronomy Observatory (NRAO), @ national
observatory funded by t+he National Science Foundation.

NRAO is currently constructing the Very Long Baseline Array, an
aperture-synthesis radio telescope with 10 antennas located in the
continental United States, the island of Hawaldi, and the U. S.
virgin Islands. The enclosed document refers to siting the

antenna on the Island of Hawali.

I would appreciate receiving written comments on the enclosed
document by COB April 15, 1988, for forwarding to the University

of Hawaii.
Very truly yours,

\9\

Dr. Julian shedlovsky, Chair
Committee on Environmental Matters

Directorate for Geosciences, Rm. 641

National Science Foundation
1800 G Street, N. W.
wWashington, DC 20550

Enclosure

AST:Oster:WLC:03/22/88 +X5079

Y



UNLITED STATES SOIL
DEPARTHMENT OF CONSERVATION
AGRICULTURE SERVICE

Dr. Donald N.B. Hall, Director
University of Hawa{i

Institute for Astronomy

2680 Woodlawn Drive

Honolulu, HI 96822

Dear Dr. Hall:

Subject:

e

P. O. BOX 50004
HONOLULU, HAWAIIX
96850

April 18, 1988

RECEIWVED

MY 3 1988

CIRECTOR .
INETITUTE FOIt Asiporisiy

Enviroumental Assessment and Supplemental Environmental
Impact Statement Preparation Notice (EISPN) -

Construction and Operation of a Very Long Baseline Array
(VLBA) Antenna Facility within the Mauna Kea Science Reserve
by the National Radio Astronomy Observatory (NRAO),

Hilo, Hawaili

We have no comments to offer at this time, however, we would appreciate the

opportunity to review the draft EIS.

Sincerely,

s o~

ICHARD N. DUNCAN.
State Conservationist

cc:

Ms. Marilynn C. Metz, MCM Planning, 703 Honua Street, Honolulu, HI 96816
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University of Hawaii at Manoa

Institute for Astronomy
2880 Woodlawn Drive ¢ Honolulu, Hawaii 98822
Telex; 723-8450 « UHAST HR

Ofice of the Director

June 8, 1988

Richard N. Duncan
State Conservationist

U.S. Department of Agriculture
Soil Conservation Service

P.0. Box 50004

Honolulu, Hawaii 96850

Dear Mr. Duncan:

ent and Supplemental ;
Statement Preparation Notice
tion of a VLBA Antenna
Kea Science Reserve

Subiject: Environmental Assessm
. Environmental Impact
-Construction and Opera

Facility within the Mauna

assessment and notice.

Thank you for reviewing the subject
the draft SEIS.

We look forward to your comments on

Yours sincerely,

A . Gt N D.FHo.

Donald N. B. Hall
Director

DNBH:nll
cc: MCM Planning
C. Wade

William Porter
Dr. Julian Shedlovsky, NSF

AN EQUAL OEE_ORTUNITY EMPLOYER



DEPARTMENT OF THE ARMY

U.S. ARMY ENGINEER DISTRICT, HONOLULU

H BUILDING 230
FT.SHAFTER, HAWAN geasa-5440

. RECERIVEL
E'E"‘:'II.E!YQ:I'%N OF: April 11, 1988 APR 1 3 1953
Planning Branch o SHCL ey

JNSH.'U[F ren

SELLE e H T

pr. Donald N. B. Hall, Director
Iinstitute for Astronomy
University of Hawaili

2688 Woodlawn Drive

Honolulu, Hawaii 96813

Dear Dr. Hall:

Thank you for the opportunity to review the
Environmental Assessment and Supplemental Environmental
Impact Statement Preparation Notice for Construction and
Operation of a Very Long Baseline Array (VLBA) Antenna
Facility Within the Mauna Kea Science Reserve. The
following comments are of fered:

a. No work is planned in waters of the U.S. or
adjacent wetlands. A Department of the Army permit is
therefore not required.

'b. According to the Flood Insurance Study for the
County of Hawaii, the project site is located in an area
outside of the 5@8-year floodplain (Zone X, upshaded).

Sincerely,

e

Kisuk Lheéung
chief,/ Engineering Division

Copy Furnished:

MCM Planning

ATTN: Ms. Marilynn C. Metz
703 Honua Street

Honolulu, Hawaii 96816




]

7.

University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Office of the Director

June 8, 1988

Mr. Kisuk Cheung, Chief
Engineering Division
U.S. Army Engineer District, Honolulu

Building 230
Fort Shafter, Hawaii 96858~-5440

Attention: Planning Branch

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
—Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing and commenting on the subject
assessment and notice. The information that you provided is
noted. We look forward to your comments on the draft SEIS.

Yours sincerely,

{ the L D.tele
Donald N. B. Hall
Director ,

cc: MCM Planning
C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER
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United States Department of the Interior

FISH AND WILDLIFE SERVICE
300 ALA MOANA BOULEVARD ES

P.O. BOX 50167 Room 6302
HONOLULU, HAVIAIL 36850

APR 2 1 1988

Dr. Donald N. B, Hall, Director
University of Hawaii §§%

Institute for Astronomy ﬁgdigﬁﬁ
2680 Woodlawn Drive K™
Honolulu, Hawaii 96822 o

Re: Environmental Assessment and Supplemental Environmental
Impact Statement Preparation Notice for Construction and
Operation of a Very Long Baseline Array (VLBA) Antenna Facility
Within the Mauna Eea Science Reserve by the National Radio
Astronomy Observatory (NRAO).

Dear Dr. Hall:

We have reviewed the subject document and find that fish and
wildlife resources and issues within our jurisdiction have been
adequately identified and will be addressed in future
environmental documents prepared for the proposed action. We
have no other specific comments to offer at this time.

Thank you for providing us with this opportunity to review this
document. ;

Sincerely,

(ZQQQx»_~5.C:}0—£2

go* .
Ernest Kosaka, Field Supervisor
Environmental Services

Pacific Islands Office

cc: RD, FWS, Portland, OR (AFWE)
MCM Planning, Honolulu, HI

CONSERVE
AMERICA'S
ENERQY

Save Energy and You Serve America!
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive o Honolulu, Hawaii 96822
Telex: 723-8459 s UHAST HR

Office of the Director

June 8, 1988

Mr. Ernest Kosaka, Field Supervisor
Environmental Services, Pacific Islands Office
U.S. Department of the Interior

Fish and Wildlife Service

P.0. Box 50167

Honolulu, Hawaii 96850

Dear Mr. Kosaka:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviéwing the subject assessment and notice. We
look forward to your comments on the draft SEIS. .

Yours sincerely,

£.A. Coue K D.N.B.Hot2

Donald N. B. Hall
Director

DNBH:nll
cc: MCM Planning
C. Wade

William Porter
Dr. Julian Shedlovsky, NSF

AN EQUAL OPPORTUNITY EMPLOYER
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United States Department of the Interior ~ "T20 B

GEOLOGICAL SURVEY CTEUIE FOn ASTRONOMNY

Hawaiian Volcano Obzervatory
P.0D. Box 51
Hawaii National Park
Hawaii 96718

April 18, 1988

University of Hawail

Institute for Astronomy

2680 Woodlawn Drive

Hionolulu, HI 96822

ATTN: Dr. D.N.B. Hall, Director

pear Dr. flakl:

Thank you for sending me the Environmental Assegsment for the proposed VLBA
antennae facility within the Mauna Kea Science Reserve. 1 am happy to review
the geological aspects of this E.A. for you, although in the future such
requests would be better directed to the Scientist-In-Charge of the Hawaiian

Voleano Observatory.

The geological geseription of the site is concise but adequate, and correctly
points out that volcanic hazards are minimal. Although the site is not
directly located along or above any fault zone, the presence of loose cinders
underlying this area will likely cause amplification of seismic waves from
distant sources; structural design should assume the potential for significant
ground shaking. Considerable experience in evaluating seismic intensities on
Mauna Kea was gained during the Novenmber 1983 earthquake and can be used for

structural design.

1 alsoc note that the Mauna Loa site was rejected for the VLBA facility only

because of radio jinterference (p- 14,b). In fact, the relatively high
voleanic hazard in this area was another eritical factor which led to

rejection of this site.

I feel that the location chosen on Mauna Kea is a good gselection in view of
the other options evaluated, and find the Environmental Assessment very

adequate.

Sincerely,

bt b F—

John P. Lockwood
Geologist

ce: T.L. Wright, HVO Scientist-In-Charge
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University of Hawaii at Manoa

Institute for Astronomy
2880 Woodlawn Drive e Honoluly, Hawaii 98822
Telex: 723-8459 « UHAST HR

Office of the Director
June 8, 1988

Mr. John P. Lockwood
Geologist

Hawaiian Volcano QObservatory
P.0. Box 51

Hawaii National Park

Hawaii, 96718

Dear Mr. Lockwood:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject
assessment and notice. The EA was sent to you personally as a
courtesy because of your known interest in the proposed

project.

Additional information on the volcanic hazards at the Mauna.Loa ]

gite will be included in the draft SEIS.

Yours sincerely,

/L. C‘M',c, WD-H»Q-E.

Donald N. B.Hall
Director

cc: MCM Planning
C. Wade
Wwilliam Porter

AN EQUAL OPPORTUNITY EMPLOYER
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United States Department of the Interior

GEOQLOGICAL SURVEY
£} CEIVED
WATER RESOURGCES DIVISION
P.0. Box 50166
Honolulu, Hawaii 96850 APR 8 1988
April 6, 1988 PIRECION

EHITE PO ATIPCHLIAY

Dr. Donald N.B. Hall, Director
University of hawaii

Institute for Astronomy

2680 Woodlawn Drive

Honolulu, Hawaii 96822

Dear Dr. Hall:

Subject: Environmental Assessment and Supplemental Environmental Impact
Statement Preparation Notice -- Construction and operation of a
very long baseline array (VLBA) antenna facility within the
Mauna Kea Science Reserve by the National Radio Astronomy

Observatory (NRAO)
Thank you for letting us review the environmental assessment and supplemental
environmental impact statement for the construction and operation of a very
long baseline array antenna facility within the Mauna Kea Science Reserve by
the National Radio Astronomy Observatory (NRAO). We have no comments.

We will keep the copy of the preparation notice to use as a future reference.

Sincerely,

M/fa;m_/%‘/‘"‘?
William Meyer
District Chief

cc: Ms., Marilynn C. Metz, MCM Planning, Honolulu, Hawail, 96816
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RLCEIVED

SUZANNE D, PETERSON

JOHN WAIHEE
- GOVERNOR CHAIRPERSON, BOARD OF AGRICULTURE
APR 2 6 1988 ROBERT Y. TSUYEMURA
ACTING DEPUTY
— (HTER IR ] T N CHATEY RGON
BISHIUIE 10 A8 IRCHITAC
State of Hawaii
DEPARTMENT OF AGRICULTURE Mailing Address:

s 1428 So. King Street P. O. Box 22159

‘ Honolulu, Hawali 96814-2512 Honolulu, Hawali 96822-0159

Institute for Astronomy

Fad University of Hawaii
2680 Woodlawn Drive

o Honolulu, Hawaii 96822

Dear Mr. Hall:

)

)

L4

7

- cc: MCM Planning

=
1

u’
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April 21, 1988

Mr. Donald N. B. Hall, Director

Subject: Environmental Assessment and Supplemental
 Environmental Impact Statement Preparation Notice
Construction and Operation of a Very Long Baseline
Array (VLBA) Antenna Facility by the National Radio
Astronomy Observatory (NRAO)
University of Hawaii Institute of Astronomy
Mauna Kea Science Reserve, Mauna Kea, Hamakua, Hawali

The Department of Agriculture has reviewed the subject
document and has no comments to offer at this time.

Thank you for the opportunity to comment.

Sincerely,

Chairperson, Board of Agriculture



JOHN WAINFE
QLT NG

RFCEWES
IAAR 31 12388 ~
NUSKEL 8, HAGATA
m:n:uu" TS:‘: :E:II:I-!(‘.IIT.‘.'-‘-‘( KEN RIVADU —_
STATE OF HAWAIL prruTy coupIRoUER
DEPARTMENT OF ACCOUNTING AND GENERAL SERVICES (P)1255.8
DIVISION OF PUBLIC WORKS termen wo(E11223 —
P. 0. BOX 118, HONOLULU, HAWAIl 25310
-
MAIK 29 ey
University of Hawaii —
Institute for Astronomy ;
2680 Woodlawn Drive v
Honolulu, Hawaii 96822
Attention: Dr. Donald N. B. Hall, Director f__.
Gentlemen: -
Subject: EA and Supplemental EISPN for Construction -~
and Operation of a VLBA Antenna Facility
Within the Mauna Kea Science Reserve =
o
We have reviewed the subject document and have no
comments to offer. o
i
Very truly yours,
oy
TEUANE TOMINAGA
State Public Works Engineer I
. i
SM: jk
cc: MCM Planning .
4
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JOHN WAIHEE YUKIO TAKEMOTO
GOVL AWOR DHECTON

ROBEAT P. TAKUSHI
DLIUTY THHLCTOR

THOMAS I YAMASHIRO
DLPUTY DIKLETON

.._.._-H__h..__.ﬂ—_,,...___-——-._..

(.0

DIVISIONS:
EMPLOYEES' HETIREMENT STSTEM BUDGET. PLANNING AND MANAGEMENT
HAWAIl PUBLIC EMPLOYEES HEALTH FUND STATE OF HAWA“ ELECTHONIC DATA PROCESSING
OFFICE OF THE PUBLIC DEFENDEN DEPARTMENT OF BUDGET AND FINANCE FINANCE
PULLIC UTILITIES COMMISHION TELECOMMUNICATIONS

STATE CAPITOL
£.0. BOK 150
HONOLULU, HAWAIl 98310-0150

April 20, 1988

MEMORANWM RECEWED
T0: ponald N. B. Hall, Director MAY 4 1988

University of Hawaii

Tnstitute for Astronomy DIRECTOR

2 * INSTITUTE FC ASTROMOMY
FROM: pirector of Finance

SUBJECT: ENVIRONMENTAL ASSESSMENT AND NOTICE OF PREPARATION:
SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT FCR
CONSTRUCTION AND OPERATIONS OF A VERY LONG BASELINE ARRAY (VLBA)
ANTENNA FACILITY AT MAUNA KEA

Thank you for the opportunity to comment on the subject
environmental assessment and the Notice of preparation of a supplemental
Environmental Impact Statement (SEIS).

For your information, the state, through the Hawaii Public
Broadcasting Authority, Department of Commerce and Consumer Affairs, will be
jnstalling a 6 GHz microwave system at Humuula (sheep station) at
approximately the "7500 foot elevation on the Mauna Kea Access Road.
currently, the Hawaiian Telephone Company, Hawaiian Electric Company, Comtec,
and Telnet are all located at the Humuula site. We also understand that you
are planning a microwave system from Hale Pohaku to Mauna Loa for data
transmission.

Considering existing and future radio systems to be installed in an
area approximately 2 through 4 miles fram the proposed VLBA site, a thorough
discussion of radio frequency interference should be included in the SEIS to
insure that the present and planned microwave systems will not interfere with
the millimeter-wave telescope (300 ciz). If for example, your microwave 1link
to Mauna Loa would cause RF interference with the National Radio Astronomy
Observatory's VLBA, an alternate solution must be identified and funds
budgeted to jmplement that solution. Another question raised is whether VHF
or UHF radios will interfere with the VLBA since these radios are
omnidirectional.



Mr., Donald N. B. Hall
April 20, 1988
Page 2

while we support the research opportunities that Mauna Kea offers
the international astronomy community, it is imperative that the consultant
review and analyze all known or planned radio systems, as well as the physical
environment, to determine the impact and sensitiveness of radio frequency
interference. By doing this, the consultant can develop mitigating solutions
to identified problems, thereby alleviating future conflicts.

Once again, thank you for the opportunity to comment on the subject

project. Please feel free to call Mr. Ernest Shima at 548-2104 if you or your
staff have further questions in regard to this matter.

p

YUKIO TAKEMOTO
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University of Hawaii at Manoa

Institute for Astronomy
2600 Woodlawn Drive » Honoluly, Hawaii 90822
Tuelex: 723-8459 « UHAST HR

Qlfice of the Direclor

June 16, 1988

Mr. Yukio Takemoto
Department of Budget and Finance !
State Capitol

P.0O. Box 150
Honolulu, Hawaii 96810-0150

e ———— s b—

Dear Mr. Takemoto:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -

Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing the subject notice and sending Mr. Shima
of your staff to a briefing on the VLBA project at the BLHNR
boardroom on June 2, 1988. We hope that we were able to
alleviate some of your Department’s concerns. In response Lo

your specific comments:

1. The proposed 6GHz microwave system at Humuula should not ’
effect the VLBA operations. Cinder cones located to the !
south of the VLBA site will shield the antenna from the '
Humuula electronics station. In addition, the frequencies
you propose to use would not generate a level of radio
frequency interference (RFI) harmful to the VLBA.

2. The University of Hawaii microwave link to Mauna Loa is
being reconsidered. If such a link is established, it will
be designed so that it does not cause RFI which would be

harmful to the VLBA.

3. Recent studies indicate that radio communication emitters at
the kilowatt or lower EIRP level, such as VHF and UHF
radios, create little harmful RFI at the YLBA site. '



Mr. Yukio Takemoto
June 16, 1988
Page 2

4. NRAO has analyzed existing and proposed radio systems that
might affect the VLBA. The facility site was selected
bacause surrounding terrain will shield the antenna from

harmful REFI sources.

We appreclate your thought ful comments and we look forward to
your review of the draft SEIS.

Yours sincerely,

/ /&%
Dénald N. B. Hall
Director

DNBH: jec

cc: MCM Planning
NRAO:
W. Porter
C. Wade
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U JONIN WATHEE
GOVERNOR

R v,'-\ ROGER A ULVELING
i, 1\ DEPARTMENT OF BUSINESS BARBARA KIM STANTON

li | AND ECONOMIC DEVELOPMENT LESLIE S MATSUBARA

BN A g "Mw BUILDING, 250 SOUTII KING ST, |IONOLULU, HAWAlI
i MAILING ADDRESS: PO, BOX 239, IIONGLULU, HAWALL 9604 TELEX: 40250 INDPED
e /

April 19, 1988

RECEIVED
—_ APR 2 6 1588
MEMORANDUM CIRECTOR
- ——— ASHITUTE FC R ASTIGHTHY
o TO: Dr. Donald N. B. Hall, Director
University of Hawaii, Institute for Astronomy
~ FROM: Roger A. Ulveling
h SUBJECT: Environmental Assessment and Supplemental Environmental Impact
Statement Preparation Notice -- Construction and Operation of a Very

e Long Baseline Array (VLBA) Antenna Facility within the Mauna Kea
~ Science Reserve by the National Radio Astronomy Observatory (NRAO),
Mauna Kea, Hamakua, Island of Hawaii.

" We have reviewed the subject Envirommental Assessment and
Supplemental Environmental Impact Statement Preparation Notice. It is our

- understanding that the VLBA antenna facility has entirely different siting

e requirements from the telescopes in operation at the summit which has resulted

- in the need for an assessment of a totally new site between the 12,200 and

12,400-fo0t elevation on Mauna Kea. Due to unforeseen advances in technology,
‘ the proposed location of this site for the antenna was not assessed in the

= University of Hawaii Mauna Kea Science Reserve Complex Development Plan
(SRCDP) or the original EIS for the Plan.

Siting criteria includes a clear eastern horizon, 1ow radio frequency
jnterference, and an elevation of approximately 12,000 feet to avoid wind,
snow and ice loading on the structure.

“

oy

Based on our review of the proposed VLBA facility, we find no
apparent areas of State concern and have no comments to offer.

I

We appreciate being notified of the subject proposal and this

S
opportunity to provide comments.
i_i
-
Vs

i b e
- {0 g A (/{4-_.:3)-{ {vf.
_ | J ]
L cc: MCM Planning

Mr. Harold S. Masumoto

Lﬁ
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 96622
Telex: 723-8459 ¢« UHAST HR

Office of the Director

June 8, 1988

Mr. Roger A. Ulveling, Director
Department of Business and Economic Development

P.O. Box 235
Honolulu, Hawaii 96804

Dear Mr. Ulveling:
Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice

-Construction and Operation of a VLBA Antenna .
Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice.
We look forward to your comments on the draft SEIS.

Yours sincerely,

1. . Lernrcn ¢ . Hatll.

Donald N. B. Hall
Director

DNBH:nll
cc: MCM Planning

C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER
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JOHN WAIHEE
GOVERNON

MAJOR GENERAL ALEXIS T. LUM
DIAECTOR OF CIVIL DEFENIE

ROY C. PRICE, SA.
VICE DIRECTOR OF CIVIL DEFENSE

RECEIED
APR 1 4 1983 A
LIETON PHONE [808) T34-2181

WINIUTE FOX ASTRONOM !
STATE OF HAWAII

DEPARTMENT OF DEFENSE
OFFICE OF THE DIRECTOR OF CIVIL DEFENSE

3949 DIAMOUND HEAD ROAD
HONOLULL, HAWAIL 98B16-4495

April 13, 1988

HICDCM

Dr. Donald N. B. Hall, Director

Institute

for Astronomy

University of Hawaii
2680 Woodlawn Drive

Honolulu,

Hawaii 96822

Dear Dr. Hall:

Environmental Assessment and Supplemental Environmental
Impact Statement Preparation Notice —= Construction and
Operation of a Very Long Baseline Array (VLBA) Antenna
Facility Within the Mauna Kea Science Reserve by the
National Radio Astronomy Observatory (NRAO)

We have no comments on the subject project.

Sincerely,

LT

ALEXIS T. LUM
Major General, HIARNG
Director of Civil Defense

e e e et e oA LF < B i i A T B s PR S m T CS ot T T TR



INSN AR E

APR 12 1388

EERTITOM
JOHN €. LEWIN, M.D.

JOHN WAIHEE
CINECTON OF HEALTH

GOYERNOR OF HAWAI

STATE OF HAWAII

DEPARTMENT OF HEALTH
P. 0. BOX 3378
HONOLULU, HAWAII 98801 In reply, please refor to:

April 5, 1988 EPHSD

Dr. Donald N. B, Hall, Director
University of Hawaii

j Institute for Astronomy

;‘ 2680 Woodlawn Drive

! Honolulu, Hawail 96822

Dear Dr. Hall:

Subject:  Environmental Assessment (EA) and Supplemental Environmental
Impact Statement Preparation Notice (SEISPN)--Construction and
Operation of a Very Long Baseline Array (VI.BA) Antenna Facility
Within the Mauna Kea Science Reserve by the National Radio
Astronomy Observatory (NRAO) _

; Thank you for allowing us to review and comment on the subject EA and
: SEISPN. We do not have any comments at this time.

Sincerely yours,

M/’
BRUCE S. ANDERSON, Ph.D.

Deputy Director for
Environmental Health

cc: MCM Planning,
Ms. Marilynn Metz
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JOHN WAIKEE
GOVERNOR OF HAWAIY

=1

[

L. U

RECEIVLD
WILLIAM W. PATY, CHAIRPERSON
P R 1988 DOAND OF LAND ANC HATURAL ALSOURCES
2 6 LIBERT K. LANDGRAF
DEMITY
OIRECTCH
INCTITUSE FCOY ASTROMCANY AQUACULTURE DEVELOPMENT
PHOGRAM
AQUATIC RESOURCES
STATE OF HAWAII CONSERVATION AND
ENVIRONMENTAL AFFAIRS
DEPARTMENT OF LAND AND NATURAL RESOURCES CONSERVATION AND
P, 0. BOX 621 RESOURCES ENFORCEMENT
HONOLULU, HAWAII 96809 l:g:g:;:(:::n WILDLIFE
LAND MANAGEMENT
STATE PARRS
APR 2 5 1958 WATER AND LAND DEVELOPMENT

DOC. NO.: 3226E
FILE NO.: B88-427

University of Hawaii
Institute for Astronomy
2680 Woodlawn Drive

Honolulu, Hawaii 96822
Attn: Dr. nald N. B. Hall, Director

Dear Dr. 4

SUBJECT: Environmental Assessment and Supplemental
Envirconmental Impact Statement Preparation
Notice-Very Long Baseline Array, Mauna Kea

We haye reviewed the document cited above and have the
following comments to offer you.

The proposed VLBA appears to be incompatible with radio
transmitters and related appurtenances. We are concerned that
this will affect the future use of Mauna Kea and will effectively

exclude all others that are "incompatible."

The major concern is the stated need for "minimum radio
interference". Despite the statement on page 14 to the contrary,
the Division of Foresltry and wildlife presently has a two-way
radio repeater on the summit of Mauna Kea (100 watts}. It is one
of our key repeaters, servicing much of Hawaii, and also some of
Eastern Maui. It is also our main radio link to the Big Island.
The University of Hawaii has tried in the past to get us to
relocate this repeater, but we have not been able to find a site
that gives us similar performance. As this radio link serves a
public welfare and safety purpose (fires, search and rescue, and
employee safety) relocating our repeater is not negotiable.
There fore, conditions we would requre are:

1. The present 2-way radio equipment of the Department of Land
and Natural Resources remain on Mauna Kea and not be
compromised in any way.

2. That the rights for future development of State
telecommunications on the summit of Mauna Kea in the

interests of public safety be reserved.

v
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Pr. Donald N. B. Hall ~ 2 - DOC. NO.: 3226E
APR 2 5 1988

This facility should not preclude other radio emissions
within a 20-mile radius. This would effectively allow the
influence of astronomy to encompass much more than the Mauna
Kea Science Reserve. The U.S. Army at Pohakuloa may object
to this also.

Other comments include:

Page 10. If it is determined that petrel inhabit the area, then
lights should be placed on top of the towers to alert
night flyers.

Page 12. Cesspools should not be acceptable with the increased
activity on Mauna Kea. Portable "luas" should be used.

Page 14.(d) In the interest of aesthetics having the facility
visible from the summit road is better than from
Hilo. A roadway of approximately 1/2 mile wouldn't
be necessary if the facility was closer to the
axisting roadways.

Page 25. G Any areas to be posted as safety zZones or no
hunting areas should be identified and posted by
the University of Hawaii.

Furthermore, the project may possibly provide more
undesirable opportunity for illegal vehicular joy-riding.
Regarding the latter, the report comments erroneously on "existing
jeep trails". The only legal roads are the summit access road and
the transmission easement road (which is closed to the public)
next to the summit road. Off-road vehicle trespass, causing
erosion and leaving unsightly scars, is the most serious and most
often occurring violation in the Mauna Kea Ice Age Natural Area
Reserve. The impact on aesthetic quality and how off-road driving
will be prevented are concerns that should be properly addressed

in the EIS.

Thank you for the opportunity to comment on this project.

Very/tr

WILLYAM W. PATY, Chaixrperson
Board of Land |[and Natural Resources

¢c: MCM Planning
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h University of Hawaii at Manoa

. Institute for Astronomy
‘ 2080 Woodlawn Drive e Honolulu, Hawaii 96822
Telex: 723-8459 ¢« UHAST HR

~ Office of the Direclor

- June 16, 1988

77 Mr. William W. Paty, Chairperson

- Board of Land and Natural Resources
P.0. Box 621

y Honolulu, Hawaii 96809

Dear Mr. Paty:

- Subject: Environmental Assessment and Supplemental

- Environmental Impact Statement Preparation Notice -
Construction and Operation of 2 VLBA Antenna

I Facility within the Mauna Kea Science Reserve.

Thank you for reviewing the subject assessment and for allowing
~ us to brief members of your staff about the VLBA project on June

H 2, 1988. In response to your specific comments:

1d not affect the

1. Transmitters on the summit of Mauna Kea wou
rd the

o,

o operations of the VLBA unless they are directed towa

- antenna. These emitters are, however, beginning to
interfere with observing activities of the optical

O telescopes in the area. Although the University recognizes

‘ that Mauna Kea is a premier site for telecommunications as

well as astronomy, the two activities are not compatible.

o The University leased 13,000 acres from BLNR (s-4191) for
the Mauna Kea Science Reserve SO that there would be a
puffer zone adequate to prevent the intrusion of

— activities inimical to observatory operations at the summit.
Activities defined in the lease as being "inimical to the

T scientific complex” include light and dust interference to

observatory operation and certain types of electric or

electronic installations.

-1
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M.

willlam W, PalLy

June 16, 1988
Page 2

The Institute for Astronomy (IFA) has received many
proposals to install new or upgrade old transmitters at the
summit; some of these requests have come from astronomy
users themselves. It is the policy of IFA to reject all
such proposals because they are inimical to the scientific
complex within the Science Reserve.

In the context of our mission to preserve the qualities of
the Science Reserve, so that Mauna Kea remains the premier
site for ground-based astronomy in this hemisphere, we have
asked your Department to find an alternative location for
the Forestry and Wildlife repeater on the summit. IFA
promises to do everything possible to assist you in this
endeavor so that an amicable solution to this potential
problem can be found. We assure Yyou that no new
transmitters of any kind will be allowed in the Science
Reserve.

The VLBA will not be affected by radio emissions from known
sources on the island of Hawaii. The antenna site was
selected because it is shielded from these sources by cinder
cones.

No Petrels were found during avian surveys of the project
area. These surveys will be described in detail in the
draft SEIS.

Wastewater discharge is estimated to be 100 gallons per day.
Because it is unlikely that wastewater will percolate beyond
the immediate site area, a cesspool is being considered for
the facility. There are no known springs downslope from the
site. The depth to ground water is unknown, but is expected
to be hundreds or thousands of feet. The antenna site is
very isolated, roughly two miles from and 3,000 feet higher
than Hale Pohaku, the closest development downslope. There
will be no cumulative effect of wastewater seepage from the
VLBA facility and the telescopes at the summit. In
addition, Lake Walau is roughly 1,000 feet higher than the
site and about 10,000 feet to the northwest, so could not be
affected by wastewater seepage from a cesspool located at
the 12,200-foot elevation. Wastewater discharge will be
addressed in the draft SEIS.

The antenna will not be visible from Hilo. A wvisibility
analysis will be incorporated into the draft SEIS. A site
closer to the road was evaluated during the site selection
process. We agree that it would have been more suitable
from the standpoint of amount of land disturbed and
construction and maintenance costs, however, the site was in
direct line-of-site to transmitters on Mauna Loa which could
generate potentially harmful radio frequency interference.

=
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Mr.

Wwilliam W, Paty

June 16, 1988
Page 3

. The University of Ha

waii, in cooperation and coordination

will identify and post safety zones

with your Department,
presence of the VLBA

and no hunting areas required by the
facility.

We are also concerned that the project may possibly provide
more undesirable opportunities for illegal vehicular joy-
riding. We recognize the problems caused by off-road
vehicle trespass. At present, NRAO plans to post signs
along the road warning that off-road driving is illegal.
Violators will be warned; if they do not cease their illegal
activity, the proper authorities will be called (either DLNR
Division of Enforcement of the Hawaii County Police). This

concern will be addressed in the SEIS.

We look forward to your review of the draft SEIS.

Yours  sincerely, M

Donald N.ﬁiréﬁﬁjfffj::;y

Director

DNBH: jec

cc: MCM Planning
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NRAO:
C. Wade
W. Porter
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Univergsity of Hawaii
Ingtitute of Astronomy
2680 Woodlawn Drive
Honolulu, Hawaii 96822

Attention: Dr. Donald N. B. Hall
Director

Gentlemen:

Environmental Agsessment and Supplemental
Environmental Impact Statement Preparation Notice —
Congtruction and Operation of
(Very Long Base Array) VLBA Antenna Facility
Within the Mauna Kea Science Reserve

Eric Anthony of our Transmission Systems Engineering Section, has had
digcussions with Campbell Wade, a scientist with National Radic Astronomy
Observatory (NROA), and was informed that the proposed facility is a--Receive
Only antenna. There is no potential for interference inte our microwave

facilities.

It should be noted that we discovered three of twelve frequency bands which
they will be working with are common carrier bands (2.15 - 2.35 GHz, 5.9 - 6.4
GHz, and 10.2 - 11.2 GHz)., This was mentioned to C. Wade during the
discussions. He, however, has assured us that there is no line-of-sight path
from our microwave facility to the proposed antenna location. Furthermore, he
is aware that the microwave equipment which HTC uses is highly stable and is
not a potential source of interference intc his receivers. He also mentioned
that they have a facility on the mainland which is in close proximity teo an
ATT facility and an MCI facility, and they have no problems with the
co-existence of all these facilities.

Engineering recommends that the NRAQO carry out a study, before the
construction of the facility, to determine, if indeed, there is no
line-of-gight path from their proposed antenna location to our facilities.
This precautionary step will ensure both parties that there will be no future
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Memo to: Donald N. B. Hall

Page 2
April 21, 1988

4. Present CDP plans include provisions for
microwave and satellite communication dishes.
What impact would such installations have on

the NRAO facility?

Please call Michael Yoneda, Director of Facilities
Management Office, at ext. 8961 if there are any questions
on this matter.

cc: Marilynn C. Metz, MCM Planning
Allan Ah San
Michael Yoneda

ke b At e

Aamiman




25 AUPUNI STREET . HILO, HAWAILI 96720

April 27, 1988

pECEIVED

D‘REC‘OR. et
Ard’ niute [{o PETT oS

University of Hawaii

Institute for Astronomy

ATTENTION: DR. DONALD N. B. HALL
DIRECTOR

2680 Woodlawn Drive

HonoTulu, HI 96822

ENVIRONMENTAL ASSESSMENT AND SUPPLEMENTAL ENVIRONMENTAL IMPACT STATEMENT
PREPARATION NOTICE - CONSTRUCTION AND OPERATION OF A VERY LONG BASELINE
ARRAY (VLBA) ANTENNA FACILITY WITHIN THE MAUNA KEA SCIENCE RESERVE BY THE

NATIONAL RADIO ASTRONOMY OBSERVATORY (NRAO)

Thank you for the opportunity to review the subject report.

Because the Department of Water Supply does not have a technical radio -
section, we requested assistance on this matter from the Radio Section of

the Hawaii County Police Department.
We agree with their comments whereby we feel the proposed installation will

not affect our radio communication system; however, we feel that a study
should be made on whether our radio communication system will affect your

proposed operations.

L‘-‘-L.é\(,f& 6’;414,- %Cﬂ[&

H. William Sewake
Manager

KO
c¢ - MCM Planning

Wafer gringd progress...

v

DEPARTMENT OF WATER SUPPLY e COUNTY OF HAWAII
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Ralph T. Horii, Jr.

June 16, 19886
Page 2

emergency generators, each telescope within the Science Reserve
has such a generator in order to insure that operations can be
efficiently shut down in the event that the commercial power
fails. The emergency generator will not be used for ongoing

operations. ‘

We look forward to your comments on the draft SEIS.

DNBH: jec

cc: MCM Planning
NRAO:
C. Wade
W. Porter
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UNIVERSITY OF HAWAII v

Vice President for Finance and Operations

April 21, 1988

MEMORANDUM

TO: Donald N. B. Hall
Director, Institute for Astronomy

FROM: Ralph T. Horii, Jr.{ﬂ71A{1—— l L—Esﬁ‘h”

Vice President for Finance and Operations

SUBJECT: Very Long Baseline Array (VLBA)} Antenna Facility

. The proposed National Radio Astronomy Observatory
(NRAO) antenna installation requires an amendment to the
Complex Development Plan (CDP). The proposed Supplemental
Environmental Impact Statement (SEIS) indicates that the CDP

-would be revised after the antenna siting location is -

approved by the Department of Land and Natural Resources
{DLNR) .

Proper sequence would have the matter:
1) addressed in a revised CDP, 2) approved by the Board of
Regents (BOR), then 3) DLNR's approval.

The proposed SEIS would still require the amended
CbP for BOR's review, and the proposed agreement with NRAO
would also be needed. '

The SEIS should also explore the following items:

1. In the event that endangered flora and fauna
are found, what measures will be taken?

2. What will be the effects of thermal and
discharge pollutants from the emergency
generator on the existing observatory sites?

3. The wvisibility analysis should be explored
beyond the summit site.

2444 Dole Street - Honelulu, Hawaii M822  Cable Aditress; UNTHAW
An Equat Opportunity Employer
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University of Hawaii at Manoa

Institute for Astronomy
2880 Woodlawn Drive » Honolulu, Hawaii 98822
Telex: 723.8459 « UHAST HR

Ofice of the Director

June 8, 1988

Honorable Virginia Isbell
State Representative - Kona
State Capitol - Room 427
Honolulu, Hawaii 96813

Dear Representative Isbell:

Sub‘jeact: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
—-Construction and operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing and commenting on the subject
assessment and notice. Your concerns about historical/
archaeological sites, preservation of fragile eco-systems,
impacts from off-road travel and accidentally introduced
species and follow-up monitoring will be addressed in the SEIS.

We look forward to your review of the draft SEIS.

Yours sincerely,

(.{. Cowre [ D.N.B.HalZ .

Donald N. B. Hall
Director

DNBH:nll

cc: MCM Planning
C. Wade
W. Porter

AN EQUAL OPPORTUNITY EMPLOYER
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University of Hawaii at Manoa

Institute for Astronomy

MEMORANDUM '

June 16, 1988

TO: Ralph T. Horii, Jr.
Vice President for Finance and Operatiizéé?

FROM: Donald N. B. Hall, Director
Institute for Astronomy

SUBJECT: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice. In

response to your specific comments:

CDP AMENDMENT

The Mauna Kea Science Reserve Complex Development Plan (SRCDP)
did not address amendments. The amendment process described in
the subject NOP was developed in 1985 in order to incorporate
housing for construction workers at Hale Pohaku into the plan.

I would be happy to discuss an alternative process with you at
your convenience. The SEIS will, however, emphasize that
amending the SRCDP is an essential component of the action being

assessed.

It is the present policy of IFA to recommend rejection of
proposals for new transmitters at the summit of Mauna Kea.
Existing transmitters will be removed as soon as alternative
locations are found. We intend to amend the CDE to remove the
provision allowing microwave and satellite communication dishes. |

OTHER CONCERNS

The SEIS will address mitigating measures for any endangered
flora or fauna on the site and the visibility of the antenna
from Hilo, Puna, Mauna Loa and the Saddle Road. 1In regard to
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Spcabker

DANILL 1. KHIANG
Vice Speaber

LEMILIO 8. ALCON
Majority Leader

TOM OKAMURA
Mapminy Pt Leader

PETER K, APO

DISTRICT HEPRESENTATIVES
I1st — ANDREW LEVIN

2nd — HARVEY 5. TAJIRL

3rd — WAYNE METCALFE

4th — DWIGHT Y, TAKAMINE
Sth — VIRGINIA ISBELL

th — MIKE O'KIEFIE

7ih — MARK J, ANDREWS
¥th — HERBERT 1. HONDA
9ih - JOSEFH M. SOUKI

1ih — BILL PFEIL

I1th — DANIEL J, KIHANO
t2ih — SAMUEL 8. 1L LEE
13th — ROBERT BUNDA

14th — JOSEFH P. LEONG

. 15th — RED BELLINGER

16th — TERRANCE W. 11. TOM
I — MARSHALL K. Gl

Ith — WHITNEY T. ANDERSONt$

19th — JOUN JUSTIN MEDEIROS
20th — CAM CAVASSO

2131 == PATRICK A. RIBELLIA
22nd — HAL JONES

230 — BARBARA MARUMDTO,
24th — FRED HEMMINGS, IR,
25ih — CALVIN K.Y, SAY
26ih — LES HIARA, IR,

27th — BRIAN T. TANIGUCIH
28ih — JAMES T. SIION -
2k — DAVIb"M. HAGINO
300 = JOUANTIAYES

3y — CAROL FUKUNAGA -
I2nd — MAZIE HIRONO
33l — ROD TAM

Adth — MIKE LIUt

3%5th — KENNETH T. HIRAKI
36th = DWIGHT L. YOSIIMU
ITth ~= DIENNIS A, ARAR
381h -— EMILI) 8. ALCO
Inh — ROMY M, CACHOLA
Jinh — KAREN K, MORITA
418 — TOM OKAMURA

42nd — CLARICE Y. HASHIMOTO

rd — DAVID Y. IGE

44th — ROLAND M. KOTANI
45th — MITSUO “MITS™ SHITO
Abih — PAUL T, OSHIRO

47 — MIKE CROZIER

asth — HENRY HAALILIO PETERS

b — PETER K. APQ
Sth -—— EZRA R. KANOIIO

51st — HERTHA C. KAWAKAMI

tMinority Leader
ttMinority Fluor Leader

HOUSE OF REPRESENTATIVES
THE FOURTEENTH LEGISLATURE
STATE OF HAWAIL
STATE CAMITOL
HONOLULU, HAWAH 96K13

March 28, 1988

RECEIVED

Dr. Donald N. B, Hall
Institute for Astronomy
University of Hawaii at Manoa
2680 Woodlawn Drive

Honolulu, HI 96822

Dear Dr. Hall:

This is to acknowledge the receipt of your
letter dated March 23, 1988 transmitting

a copy of the Environmental Assessment and
Notice of Preparation of a Supplemental En-
vironmental Impact Statement.

Thank you for providing me with this useful
reference source.

Please be advised, however, that at this time
I Mis o reserve comment on the subject.

Chairman
House Committee on Judiciary

WM :mn

29
MAR 30 1988

DIRECTOR
INCTITUTE FCL ASTRONDSMY
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Speaker

DANLEL J, KHIANO
Ve Speaker

EMILIO) S, ALCON
Majority eader

TOM OKAMURA

Mapnty Floor |eadet
PETER K. APO

DISTRICT REFRESENTATIVES
14 — ANDREW LEVIN

2nd — HARVEY §. TAIRI

rd — WAYNE METCALF

dth — DWIGHT Y. TAKAMINE
Sth — VIRGINIA ISHELL.

th -— MIKE (PKIEITE

Tih — MARK 1. ANDREWS

Hih — HERBERT J. HONDA

Hibh == JOSEPH M. SOUKT

10 — BLLL PPEIL

T1th — DANIEL J. KIHAN

12th — SAMUEL §. 1. LEE

1Mh — ROBERT BUNDA

14th — JOSTEML 1, LEONG

15 - RED RELLINGER

1o == TERRANCE W, H.TOM
17t — MARSHALL K. GT

Fith — WHITNEY T. ANDERSONTE
191 — JOHN JUSTIN MEDEIROS
2kl -— CAM CAVASS)

UM -- PATRICK A, RIBELLIA
220d —= HAL JONES

230 — DARBARA MARLMOTO

241 — FREE HEMMINGS, JR.
25th — CALVIN K.Y, SAY
20l -~ LIS IHARA, DR,

M - BRIAN T PANIGUCTH

il JAMES T SHON

29th —— DAVID M. HALING

Iinh — JOAN HAYES

31a — CAROL FUKUNAGA

I2nd — MAZIE HIRONO

33nd — ROD TAM

J4th — MIKE LIV

25th — KENNETH T, 1IIRAKS
I6th -—— DWIGHT L. YOSUIMURA
17th — DENNIS A, ARARAK!
IWth — EMILIO S, ALCON

39th — ROMY M. CACHOLA
40h — KAREN K. HORITA

4151 — TOM OKAMURA

42nd — CLARICE Y. HASHIMOTO
43rd = DAVID Y, IGE

441h — ROLAND M. KOTANI
45th — MITSUC “"MITS" SHITO
46th — PAUL T. OSNIRD

47ih — MIKE CROZIER

48th == IIENRY HAALILIO PETERS
a%h — PETER K. APO

Soth — EZRA R. KANQHO

515t — BERTHA C, KAWAKAMI

+Minority Leader
tMinority Floor Leader

HHOUSE OF REPRESENTATIVES
THE FOURTEENTH LEGISLATURE
STATE OF HAWAI
STATE CAPITOL
HONGLULU, AWAILL 96813

April 26, 1988

RECEIVED
Donald N.B. Hall, Ph.D.

Institute for Astronomy APR 2 9 1368
2680 Woodlawn Drive CIRECTCR

Honolulu, HI 96822 IMETITLTE FOR ASTRCHTMY

Dear Dr. Hall:

Upon reviewing the environmental assessment for
the proposed Very Long Baseline Array (VLBA), I have the
following concerns:

First, it is my understanding that there is an
ancient Hawaiian "shrine" complex in the area--if so,
this should not be disturbed as it is important histor-
ically. It is also possible that this Scientific area

“overlaps the Natural Area Reserve System (NARS) and

that would need to be addressed.

Second, I believe the SEIS should reflect the
impact to the area as a result of the construction.

since the ecosystem at this elevation is fragile and
the habitat for the endemic dark-rumped petrel, unigue
arthropods and high altitude plant life, there could
be a negative impact from off-road travel and accident-
ally-introduced species.

Third, what will be the follow-up monitoring of
the surrounding environment? There should be some
comparative study of the area once the station is
operational. :

I request that these concerns be addressed in
the SEIS.

sincerely,
O ..
Vvirginia Isbell
- State Representative - Kona

EVI:ds

Dr. C.M. Wade
Nat'l Radio Astronomy Observatory

cc:
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Office of the Mayor

Dante K. Carpenter
. Mayor
April 7, 1988

Dr. Donald N.B. Hall, Director
University of Hawail
Institute of Astronomy

2680 Woodlawn Drive

Honolulu, HI 96822

Dear Dr. Hall:

Re: National Radio Astronomy Observatory
Very Long Baseline Array (VLBA) Telescope
Environmental Impact Statement Preparation Notice (EISPN)

Thank you for including the planning Director and myself as
consulted parties in the review of this EISPN. We are certainly

intrigued with the technology required to make these astronomical
observations. '

We note that a key to selecting the proposed site is a clear eastern
horizon with minimum radio frequency interference and that several
alternative sites were rejected on the basis of potential radio
interference. Your Supplemental EIS should describe the existing
and projected levels of radio interference. Since our Police and
Fire Departments as well as our jocal utilities use relay stations
within 20 miles of your proposed site, the Supplemental EIS needs to
discuss the conditions above which all operations would be

compromised.

We look forward to reviewing the Supplemental EIS.

incerely,
ALl
DAN K. “GARPENTER

Mayor
RKN:1lv
cc: Planning Director

Police Department
Fire Department

Counly of Hawaii ® 25 Aupuni Street » Hilo, Hawaii 96720
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Majorily Leader '

STATE OF HAWAII
STATE CAPITOL
HONOLULU. HAWAIL 96813

TOM OKAMURA
Majoriny Floor Leades
PETER K. APO

DISTRICT REPRESENTATIVES
It — ANDREW LEVIN

Ind — HARVEY 5. TANR!

Ind — WAYNE METCALF

dth — DWIGHT Y. TAKAMINE
Sth — VIRGINIA ISHELL

fith — MIKE QG KIEM

Tih — MARK J. ANDREWS

Rth — HERBERT 1. HONDA
Sth — JOSEPH M. SOUKI

Hith = NILY. PIBNL

1ith - = DANIEL ). KIHAND
120 — SAMUEL 8. 1L LEE
13th — ROBERT BUNDA

14ih — JOSEPH P, LEONG

15th — RED BELLINGER

16th = TERRANCIEE W. 11, TOM
17th — MARSIIALL K. IGE

1Rth — WHITNEY T, ANDERSONtt

19th — JOHN JUSTIN MEDEIROS
2(h —~ CAM CAVASSO

215t — PATRICK A. RIDELLIA
22nd — HAL JONES

231 — BARBARA MARUMOTO
24th — FRED HEMMINGS. JR.
25th — CALVIN K.Y. SAY

26th — LES IHARA. JR.

27th — BRIAN T. TANIGUCHI
28th — JAMES T. SHON

29th — DAVID M. HAGINO

3k — JOAN BAYES

315t — CAROL FUKUNAGA
32nd — MAZIE HIROND

33nd — ROD TAM

34th == MIKE LIVt

35ih — KENNETH T. HIRAKI
36th — DWIGHT L. YOSHIMURA
3th — DENNIS A, ARAKAKI
3Ruh — EMILIO 5. ALCON

39th — ROMY M, CACHOLA
4fxh — KAREN K. HORITA

415t — TOM OXKAMURA

42nd — CLARICE Y. HASHIMOTO

43rd — DAVID Y. IGE

44th — ROLAND M. KOTANI
45th — MITSUO *“*MITS™ SHITO
46th — PAUL T, OSHIRO

47th — MIKE CROZIER

481h — HENRY HAALILIO PEETERS

4%h — PETER K. APO
50th — EZRA R. KANOIO
51st — BERTHA C. KAWAKAMI

tMinorily Leader
ttMinority Floor Leader

May 3, 1988

Dr. Donald N.B. Hall, Director

INSTITUTE FOR ASTRONOMY
2680 Woodlawn Drive
Honolulu, Hawaii 96822

Dear Don:

It is my understanding that you have received

expressions of concern from the Hawaii Audubon Society
fwith respect to a proposal. to build a VLBA Antenna

Facility on Mauna kea.

I know you will give this matter your serious -
attention, and I would like to be kept informed. I’

would appreciate receiving a copy of any response you
send to the Audubon Society as well as any additional
information which you think might be of value to me.

Very truly yours,

. A
A, ,‘(,- (.—-f......‘___-

ANDREW LEVIN

State Representative
First District of Hawaii
AL:sr

cc: Mae E. Mull
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March 22, 1988

FECEMNLD

MAR 2 4 1988

GIKECTCR
INETITCTE TCH ASTRCHZMY

University of Hawaii
Institute for Astronomy
2680 Woodlawn Drive
Honolulu, HI 956822

Attention: Dr. Donald N. B. Hall

Director

Gentlemen:

Subject: Environmental Assessment and Supplemental

Environmental Impact Statement Preparation
Notice - Construction and Operation of a
Very Long Baseline Array Antenna Facility
within the Mauna Kea Science Reserve by the
National Radio Astronomy Observatory

We have no comments or objections to the above.

Very

truly yours,

4%«4247.2;
RANCIS E. SMITH

FIRE

CHIEF

FES/mo

ccC:

MCM Planning

703 Honua Street

Honolulu, HI 96816

Attention: Ms. Marilynn C. Metz

FRANCIS E. SMITH

FIRE CHIEF

DON COLOMA
DEPUTY FIRE CHIEF

. Thank you for giving us the opportunity to submit our comments.

e Bam s D < g bt p gt i . e, R i mw e

e e A e



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive ¢ Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

Office of the Director

June B, 1988

Honorable Wayne Metcalf

House of Representatives

State of Hawaii

State Capitol

Honolulu, Hawail 96813 B

Dear Representative Metcalf:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
-Construction and Operation of-a VLBA Antenna
Facility within the Mauna Kea Science Reserve

Thank you for reviewing the subject assessment and notice.
We look forward to your comments on the draft SEIS.

Yours sincerely,

;L_WC‘ szH&l—zl

Donald N, B. Hall
Director

DNBH:nll
cc: MCM Planning

C. Wade
William Porter

AN EQUAL OPPORTUNITY EMPLOYER
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POLICE DEPARTMENT
APR 4 1988

COUNTY OF HAWAII POLICE
349 KAPIOLANI STREET

HILO, HAWAII 96720 LMECTOR

WIEHTUTE FCN ASTRONDMY

GUY A. PAUL

OUR REFERENCE CHIEF OF POLICE

WAYNE G. CARVALHO

YOURREFERENCE DEPUTY CHIEF

March 30, 1988

Or. Donald N. B. Hall, Director
University of Hawaii
Institute for Astronomy

2680 Woodlawn Drive
Honolulu, Hawaii 96822

The construction and operation of the VLBA antenna faciltity
within the Mauna Kea Science Reserve by the National Radio
Astronomy Observatory (NRAO) will not affect police radio
communications. We express concerns, however, regarding the
possibility of police transmission causing interference with

the VLBA antenna.

Your reply to the following questions will satisfy our concerns
and- eliminate unforeseen conflicts in the future.

1. Were in-depth studies and measurements made to
ensure that any interference from the radio
communications stations operating within a 25-mile
radius of the selected site will be negligible?

2. Does NRAD assure us that after the facility is 1in
operation, NRAO will not tell us to modify our
communications stations because they find that the

interference level is too high?

We appreciate the opportunity to comment on this EA and look
forward to your response.

IAA

GUYY A. PAUL
CHIEF OF POLICE

RM:amy

cc: Marilynn Metz
MCM Planning

st e . R .
T - . -y * -



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

' Office of the Director

June 18, 1968

The Honorable Dante Carpenter
Mayor, County of Hawaii

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mayor Carpenter:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assessment
and notice. The VLBA site was selected because it is protected
from radio emissions by two cinder cones. Because there is no
direct line-of-sight to Hilo from the antenna site, it is
unlikely that the agencies and organizations mentioned in your
letter will be affected. The supplemental EIS will address your

concerns.

We look. forward to your review of the draft SEIS.

Yours sincerely,

7/

Dofiald N. —Hall
Director

DNBH: jec
¢cc: MCM Planning
NRAO:

C. Wade
W. Porter

AN EQUAL OPPORTUNETY EMPLOYER
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- Mr. Guy A. Paul

June 16, 1988
Page 2

We look forward to

Yours sincerely,

it

Donald N. -
Director

DNBH: jec

cc: MCM Planning
NRAO:
C. Wade
W. Porter
D.Carpenter
H. W. Sewake

your comments on the draft SEIS.
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Dante K. Carpenler Palricia G. Engelhard

Mayor

Ronald Ibarra

Managing Direclor

Direclor

Ronald Okamura
Deputy Director

DEPARTMENT OF PARKS & RECREATION

COUNTY OF HAWAI RECEyvsty

AP L 1988

April 7, 1988
et

LIE £
BT ASTRONDMY

University of Hawaii
Institute for Astronomy
2680 Woodlawn Drive
Honolulu, HI 96822

Attention: Dr. Donald N. B. Hall, Director

Subject: EIS Preparation Notice =~ Construction and .
Operation of a VLBA Antenna Facility at the
Mauna Kea Science Reserve

We have reviewed the subject report and have no adverse
comments- to offer. :

Thank you for the opportunity to provide input during this
phase of the project. :

éc?a Engelhard

Director
PE:GM:ail

cc: MCM Planning v

® 25 AUPUNI STREET ® HILO, HAWAII 56720 @ TELEPHONE 961-8311
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University of Hawaii at Manoa

Instilute for Astronomy
2680 Woodlawn Drive » Honolulu, Hawaii 86822
Telex: 723.8459 « UHAST HR

Office of the Direclor

June 16, 1988

Mr. H. William Sewake, Manager
County of Hawail

Department of Water Supply

25 Aupuni Street

Hilo, Hawaii 96720

Dear Mr. éewake:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank.you for reviewing and commenting on the subject assessment
and notice. ' We are attaching a copy of our letter to Mr. Guy
Paul, Chief of Police. We hope that it also responds to your

concerns.

Yours since%

Donald N. B. Hall Lo
Director

DNBH: jec .
Att.

cc: MCM Planning
NRAO:
C. Wade
W. Porter
G. Paul

AN EQUAL OPPORTUNITY EMPLOYER
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University of Hawaii at Manoa

Institule for Astronomy
2680 Woodlawn Drive s Honolulu, Hawaii 96822
Telex: 723-8459 ¢ UHAST HR

Office of the Director

June 16, 1988

Mr. Guy A. Paul
Chief of Police
County of Hawaili

344 Kapiolani Street
Hilo, Hawaii 96720

Dear Chief Paul:

sment and Supplemental

t Statement Preparation Notice -
on of a VLBA Antenna

a Kea Science Reserve.

Subject: Environmental Asses
Environmental Impac
Construction and Operati
Facility within the Maun

Thank you for reviewing and commenting on the subject assessment

and notice. In response to your concerns:

g site and antenna must operate

A new radio astronomical observin
ment existing at the time of

within the radio spectral environ
construction. The radio environment includes all radio

communication and broadcast emissions authorized by Federal

Communications Commission (FCC) Regulations and by National
Telecommunications and Information Administration (NTIA)
ication

Regulations. Recent studies indicate that radio communi
emitters (such as police) at the kilowatt or lower EIRP level,
create little harmful radio

and at current electronic sites,
ce at the VLBA site. In addition, the

te was selected is
ful radio emission

frequency interferen
primary reason this particular antenna si
because it is shielded from potentially harm

sources by two cinder cones.

AN EQUAL OPPORTUNITY EMPLOYER
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microwave interference problems between HTC and the NRAO. We will be prepared
to agaist in the study to ensure its accuracy.

Should you have any questions, please call me at 546-2688.
Sincerely,

GTE HAWAIIAN TELEPHONE COMPANY
INCORPORATED

& L,

tg
Frank €. K. 23233

Engineering Manager
Land & Buildings

1

cc: MCM Planning
Attn: Ms. Marilyn C. Metz
703 Honua Street
Honolulu, Hawaii 96816
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University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive « Honolulu, Hawaii 96822
Telex: 723-8459 « UHAST HR

(_)I’fice of the Direclor

June 16, 1988

Mr. Frank C.K. Chang
Engineering Manager

Land and Buildings
Hawaiian Telephone Company
P.O. Box 2200

Honolulu, Hawaii 96841

Dear Mr. Chang:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice -
Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject assessment
and notice. NRAO has selected a site at the 12,200-foot
elevation for the VLBA. This site is shielded from transmitters
on Mauna Loa by two cinder cones. In addition, there is no
line-of-sight from the antenna to Hilo. Dr. Campbell Wade and
Dr. Patrick Crane from NRAO met with members of your staff on
June 2, 1988. I hope that they were able to assuage your

concerns.

We look forward to your review of the draft SEIS.

Yours sincerely,

&1

Donald N. B. Hall

Director
DNBH: jec '
cc: MCM Planning
NRAO:
C. Wade
W. Porter

AN EQUAL OPPORTUNITY EMPLOYER
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For the Protection of Hawaii’s Native Wildlife
P.0, BOX 22832

HONOLULU, HAWAH 96822

#f HAWAII AUDUBON SOCIETY  °. o. 5215

Volcano, HI 96785
. April 21, 1988 -

KETEIVED

Pr. Donald N. B. Hall, Director
Institute for Astronomy APR 2 5 1988
2680 Woodlawn Drive

HOUOlulu, HI 96822 CIIECTOR

HSTITUTE FC 5 ASTROHTAMY

Re: Supplemental Environmental Impact Statement for the Construction and Operation
of a Very Long Baseline Array (VLBA) Antenna Facility Within the Mauna Kea Science
Reserve, Mauna Kea, Hamakua, Island of Hawaii, to be prepared by the Institute for

Astronomy, University of Hawaii

Pear Dr. Hall:

Phank you for sending the EIS Preparation Notice and soliciting the Society's
comments on the proposed new radio telescope. Audubon concerns involve the
increased negative impacts on the highly fragile and vulnerable aeolian ecosystem
in the summit region — already degraded or destroyed in part by construction,
roads and powerlines for the nine existing telescopes.

Entomologists F. G. Howarth and F. D. Stone made a signal contribution to
Hawaiian biology with their 1982 report, "An Assessment of the Arthropod Fauna and
Aeolian Ecosystem Near the Summit of Mauna Kea, Hawaii,” 18 pp., that was published
in the EIS for the Mauna Kea Science Reserve Complex Development Plan. They found
geventeen species of resident arthropods in this remarkable high-elevation aeolian

ecosystem. What is astonishing is that in this newly recognized ecosystem at least
eleven of these invertebrate species turned out to be new to science!

These newly discovered Hawaiian animals that adapted to a wind-swept environ—
ment of snow, tephra cinders and slopes, lava flows and talus slopes include such
creatures as predatory ngeed" bugs, moths, several kinds of spiders, springtails,
centipedes and mites. These endemic animals evolved in Hawaii and occur nowhere else.

Mauna Kea's oceanic aeolian ecosystem far above treeline has scarcely been studied
by scientists, and most of those small animals without backbones have yet to be des-—
cribed. There may be more species awaiting discovery. It is essential that astrono-
mers and construction orews know of the existence of this marvelous ecosystem where they
work, and that they take precautions not to destroy or degrade this unusual habitat

through ignorance or carelessness.

In their report, Drs. Howarth and Stone described the destructive impacts of
of f=road vehicle use and road construction on the fragile summit habitats. The heavy
off-road traffic needlessly destroyed ideal habitat for some of these uncommon animals.
Howarth and Stone made eleven carefully reasoned recommendations for environmental
protection of summit habitats. They are attached here.

We request that you adopt an environmental protection plan that encompasses these
eleven recommendations, SO that Hawaii's rare aeolian ecosystem is properly recognized
and maintained by all who visit or work in the Mauna Kea Science Reserve.

We welcome your reply to the issues raised here. Sincerely yours,
cu,?..N\u»u.

Mae B, Mull TV\,

encl.
Island of Hawaii Representative

PR



‘From: Howarth, F. G. and F. D. Stone. 1982. "An Assesement of the Arthropod Fauna
and Aeolian Ecosystem near the Summit of Mauna Kea, Hawaii," 18 pp. in Environmental
Impact Statement for Mauna Kea Science Reserve Complex Development Plan, Institute

for Astronomy, Universityof Hawaii.
Page 7

principal habitat of the moth Archanarta new species, (fide
Riotte, pers. comm.) the larva of which feeds on foliose
lichens. The spider, Lycosa species, and the centipede,
Lithobius species, are also most common in this habitat. The
most diverse habitat in terms of number of resident species
near the summit appears to be in the ash and loess and under
stones at the base of these lava cliffs. The centipede
burrows in the silt and aeolian debris in the cracks and under
rocks. The Wekiu bug appears to be relatively rare in much of
this habitat, presumably because of the rarity of suitable
microclimate and the lower surface area within the cracks and
voids of the rocks.

5} Talus slopes and highly fractured rock
outcrops: This habitat is a special subdivision of no. 4 and
usually occurs as islands within no. 4. It combines several
environmentally favorable features of both no. 2 and no. 4,
and often supports greater diversity. The greater number of
smaller voids with the large underground surface area adjacent
to stable rocks provide favorable microclimates for arthropods
and plants. The Wekiu bug population is locally moderately
high. Also included in this category are many of the
depressions between the lava flows on the north and west
slopes where glacially deposited rounded cobbles and rocks lie
on fine loess. This material has been sortd by frost and wind
so’ that the larger rocks lay on the surface with smaller .
material neatly graded in layers below. Where the rocky

- layers are shallow, the habitat intergrades with no. 6.

6). Compacted ash, silt, and mud: This habitat is
found on roadways, disturbed areas, and in areas where fine
aeolian debris (loess) has accumulated. The interstitial
voids are mostly filled with fine-grained material and are,
therefore, no longer suitable habitat for the Wekiu bug and
spiders. Some of the springtails and mites were found in this
habitat, and the centipede was rarely found here. In general,
species diversity was low. The inside slopes of Poliahu,
which contain fine loess substrate, are included here.

Impacts of off-xoad vehicle use and road construction

Several segments of new roadways totalling about one
kilometer were established mostly by tire tracks {(legally?)
within the project area during June, July, and August, 1982,
by skiers,astronomers, and other visitors. Most of this
recent activity occurred on the plateau betweeen Poliahu and
Puu Wekiu and was done in an effort 'to gain access across the
snow fields to the proposed telescope sites and the north
slope. These tracks are new alignments of an existing road,
which crosses the plateau and which was burie¥ under snow.
The relatively heavy traffic on these tracks by off-road
vehicles to date has created in many places well-defined dirt

- roads paralleling the existing roadway and permanently

P
——
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defacing the landscape. A shorter track about 200 metres long
was made between Ta_uly_gd,w_m,_l&ﬁl. by a vehicle
driving out onto the west rim of Puu Wekiu Bouth of the Air
Porce telescope. The vehicle crossed once ideal bug habitat
and destroyed one of our pitfall traps.

The tephra cinders are eagily crushed to dust-sized
particles, and vehicular traffic quickly and permanently
changes the character of rocky tephra habitats to compacted
gilt and mud. Furthermore, this crushed silty tephra, when
dry, becomes the dust which is detrimental to telescope
viewing, plant growth, and animal dispersal. Besides the dust
problem, the roads restrict the percolation of water, and,
therefore, roadways become channels for drainage of surface
water, which greatly increase erosion, especially on the
steeper slopes. Significant erosional gullies are now forming
along the summit road to Pun Wekiu telescope sites.

RECOMMENDATIONS

1) In view of the above impacts of road construction,
it is recommended.that off-road vehicle use be prohibited or
severely restricted and that new road alignments be-carefully
planned and kept to a ninimum size and length.

2) There is an oil spill covering about 18 sq. meters.
and originating from the generator at the base of Puu Wekiu.
Tn this cold, dry, environment, such oil spills will remain a
very long time and be highly damaging to life, especially when
this oil is tracked over the summit area by hikers, skiers,
and off-road vehicles. It is strongly recommended that oil
spills be prevented and any that do occur be expeditiously
cleaned up.

3) Sensitive areas: Even though all the animal species
found living within the project area appear to be widely
distributed on the summit, for some species the major

populations occur only in relativel limited thin the
project area. Thus, proper planning of construction

activities and monitoring their impacts are essential for
their continued survival. Monitoring should include one or
site visits by a:biologists du i ucti a
limited bio surve at assesces the resultant impacts
after completion in order to develop. additional mitigative

The special vulnerability .of the Tephra habitats
are given below. . :

4) The distribution and biology of the Wekiu bug and
jts close relationship with the tephra cinder ‘cones’'are now
more clear. Unfortunately, these tephra habitats are
particularly vulnerable to degradation by human activities.
These tephra habitats quickly and permanently degrade to
compact silty habitats during construction activities and
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become unsuitable as a habitat for the Wekiu bug, the spiders,
and some of the mites and springtails. Therefore, mitigative
measures, and monitoring of the impacts should be required for
any construction activities in this habitat, particularly near
the three craters on Puu Hau Oki and Puu Wekiu. Monitoring
recommendations are given above in no. 3. Mitigative measures
should include (1) keeping all construction activities within
the mininum possible defined area, (2) preventing cinders or
debris from falling downslope on the cones, (3) preventing
wind dispersal of trash and material outside of construction
area, (4) keeping new road alignments to minimum size and
length with no unnecessary vehicle movement or grading
activity off the designated alignment, (5) cleaning up oil
spills and other pollutants promptly and removing them from
the mountain, not just burying them, and (6) minimizing
disturbance to sensitive areas, such as the inside slopes of
the cinder craters on Puu Wekiu and Puu Hau Oki. It was
understood that the summit of Puu Wekiu, at least, is not
slated for telescope development, but the new vehicle track
there points to the necessity for a more formal management

plan with enforcement power.

. 5) The lava flows on the north and west slopes are more
problematical. It is more difficult to inventory the species
present in this environment, and some additional new or
undetected species may be expected there. On the other hand,
except for the dust and pollution problems, this habitat
appears to be less vulnerable to human impacts than are the
tephra cinder cones. It is strongly recommended that further
site specific surveys be done in the lava flow areas.,
particularly the shelter cave areas on the western slope, if
they are selected as potential telescope sites.

6) Because of the strongly seasonal nature of the
environment near the summit, 3 longer term study will be
needed to answer some management questions. "The baseline data
on the distribution and biology of many of the resident
animals are now available to assess the impacts of future
construction activities; however, monitoring, as outlined
above, the impacts should be required for future construction
projects.

7} Debris from construction and existing facilities
must not be aillowed to litter the mountain top. In addition
to being an eyesore such materials may contain compounds toxic
to arthropods. Construction materials, egquipment, and debris
should be kept on site or removed from the mountain.

8) vehicles should not park with the motors running, in
order to reduce lead and other toxic emissions into this
environment.

g) Agencies importing components for the observatories

S

504
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should ensure that the packing material and shipment are_£free
tines and inspection

of anima Proper quaran
procedures should be stipulated before import into Bawaii.

10) In view of the special fragile nature and
vulnerability of the aeolian ecosystem to human disturbance,
“an enforclibie access plan that informs visitors of the speclal

Ent probl found

management problems on Mauna Kea and limits their
activities in sensitive areas should be developeu.

.11) Since many specific impacts caused by land use
changes cannot be assessed until specific information becomes
available on the location, construction methods,

infrastructure needs, road alignments, etc., site specific
assessments will still be need ve hich
are outside of the four prime areag.(no. I, Il, IV, VI on the
draft Development an Map of October 1982) and also is
recommended for significant alterations within those areas.

The site specific surveys in this study were hindered by the
jlity of maps of the proposed sit d
alignments and other intrastructure needs indicated.

a4 Pt e Ls man ATl e



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive ¢ Honolulu, Hawaii 96822
Telex: 723-8458 « UHAST HR

Oflice of the Director

June 8, 1988

Mrs. Mae E. Mull

Island of Hawaii Representative
Hawaii Audubon Society

P. 0. Box 275

Volcano, Hawaii 96785

Dear Mrs. Mull:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
~Construction and Operation of a VLBA Antenna
Facility within the Mauna Kea Science Reserve.

Thank you for reviewing and commenting on the subject
assessment and notice. Our botanical and biological
consultants {(which include an entomologist) have been given
copies of your letter and attachments. Your concerns will be
addressed in their reports which will be appended to the draft
SEIS. c

A management plan for the Mauna Kea Science Reserve was .
approved by the Board of Land and Natural Resources in 1985.
This plan addresses your management concerns. At present, the
University of Hawaii, Institute for Astronomy, is working with
the Department of Land and Natural Resources to resolve some

remaining jurisdictional issues, including enforcement, so that

all aspects of the plan can be implemented.

We look forward to your review of the draft SEIS when it is
published.

Yours sincerely,

4 .0uw L D.rel2.

Donald N. B. Hall
Director

cc: MCM Planning
C. Wade
William Porter
Representative Andrew Levin

AN EQUAL OPPORTUNITY EMPLOYER
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a \Q,'O% SKI ASSOCTATION OF HAWAII
?%Q)u_ P.0. BOX 8327
A R HONOLULU, HI 96815
o\'if-c:hg\ 2
i 17 April 1988
w

University of Hawaii
Institute for Astronomy
2680 Woodlawn DNrive
Honolulu, HWI 96822

Dr. Hall;

v

Enclosed you will find a ski map of Mauna Kea ski runs.

Adverse effect that the spur road would cut off a whole ski run.

Also please delete Dick Tilson and address all further correspondence to
"pregident”" of Ski Association of Hawaiil,

Thank you

try . Kpdtdler

Seceraty
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Copy to:

¥CM Planning
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1. UH/USAF 24" OPTICAL 1968 "QUARRY
-2. UNITED KINGDOM 150" INFRARED 1979 o il
3. UH/NASA 88" OPTICAL/INFRARED 1970 : -
4, UH/NASA 24" OPTICAL 1989 '
5. CANADA/FRANCE/UH 144" OPTICAUINFRARED 1980
6. UHINASA 120" INFRARED 1979 ;J




o

mA.\Wu by .ﬁrnnl#b Ep M.a.J.-<.~., ..a.wu.‘”. a~ - aml...l..m...—

M

A LN

' B

B



g e e e

MAUNA KEA SKI CORPORATION

SXIGUIDESHAWAII :

Ski Serwvices )
'ALII SkiTour $250 per person

An exclusive, ona of Da-Kind Ski Experiences. You'll
never forgel the backside, hidden places on the
mountain, speclacular vistas and miles of wide-open
expansive skiing. Mauna Kea VIP luncheon and
Mountain Ski Services allinclusive.

DayTour $125°00 perperson

Our most popular ski tourt  All tours include 4-by-4 *ski
ondola' with driver, ski equipment, Red Cross Certified
ki Guide, homemade mountain lunch.

SkiRentals $25.0Cperday for Skis, Boots and Poles

SkiSpecials
Ski Guides Hawaii give more kick to the glide!

Qut-of-Bounds S?B) Single Runs
Cross Country (XC) Tours

Ski School-7 days per week
Designer Tours

Skitothe Sea

Inter-Island Airfare & Tour

Prices Available Upon Request.

Advanced registration and deposits are recom-mended
due to the popularity and high demand during the
season {(November through July). A $20 deposit is -
required to hold and confirm al reservations;- this is
applicable toward ski services. -

IMPORTANT INFORMATION

Mauna Kea Is a national science reserve and is not
maintained as a ski area. Skiing areas may have un-.
marked and exposed rocks. Adverse weather conditions -
may arise unexpectantiy— be prepared with adequate.
clothing. . Dark sun glasses and good sun-screen lotions
are also a must, Due 1o the high altitude of Mauna Kea,.
(there s a third less oxygen availablel), it Is advisable to ¢}.
check with your personal physician in all cases, including -
heart, lung and obesity problems. . ‘

SKI § HAWAI

(B0B) BBES-4188 -
‘The Big Island IS Hawaif’

N

] : MALNA KEA 5KI CORPORATION

SKIGUDES HAWAL

s
O, 3 &

oY

O O
SKl
OOO GUIDES
0O HAWAII o

SIS

O

The name is Mauna Kea or White Mountain, from its
undersea base of -19,000 feet to the windswept peaks
of 13,796 feet, it's the world's highest mountain! It offers
some of the world's highest skiing.

@)
Q
O
T T

This massive extinct volcano is blessed with the finest

snow in the world, opening almost 100 square miles of |

skiable terrain. At this latilude the conditions are spring

lli?ke;dthr? snow is sugar corn. We call it ‘Pineapple
owder’.

.

road serves the internationally famous cbservatories on
the summit, but it also makes accessible numerous pu'us
(volcanic cones) that are a skiers delight. Consider five- |
mile plus runs and the possibility of 2500' to 4500' of L
verlical per runl Add to that a 360° panorama of Mauna
Kea's moonscape, lush tropical ve%elatton.below. the
encircling ocean and Maui's Haleakala visible on the )T

The access is by road in four-wheel drive vehicles. The ’I

horizon. This is one of the most exotic skiing
experiences anywhere. You can ski in the Pmeafple
Powder and surf off a tropical beach allinthe same day A
If you thought that Hawail could offer only sun, sand, surf ;
and Hula dancers, think again! We'd like to take you high
above the clouds for a ski experience you'll never forget.

MAUNA KEA SKi CORPORATION's -
SKIGUIDESHAWAII

P OBOX 2020, KAMUELA, HAWAII 96743

(80B) 885-4188 or 889-6398 ~

. QUG S
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Facilities

The Mauna Kea She Paliol athlaaied wally ihe

National Ski Patiot System Inc 15 00 the

maunlarn On wieekends whin i s wnow
§

the summul

ol the Stale and thew wiarnings .m:l ﬂnucuom -

should be heeded

important Things to Remember

The migh altude (13 7968 somelimes causey
heagaches shgn nausied shorness of breain
ano latigue Anyone with known resprediony
of heatt problems 13 advised nol 10 gO skig
on Mauna Ked

The sun at the summut 15 many hines a5 Dower:
tul a3 3l Warkiki 1 addiion 10 the rellechion
from the snow Sun screens and hats ate
strongly auwvised Gunglauses Je ask atrsulyte
must Snowblindness lsuntuin of the eyl o
a panlul ang dangerous conscaquence with:
out sunglasses

Never ski atone The Sk Patiol 15 very small
compared to the 2 ol 1ne mountan Sk
only patrolled areas t you erwplote, be sure
2 responibIC PUIson knows where you are

Cold weather cloiiung & Necessary evin ol it
seems ke anice day The wealhers can change
quickly. and wing and snow can be miserable
and dangerous wathout proper clothes

Pleasedonotdislurb any instiumenisor equip-
ment on the mountain. The Mauna Kea Oser-
vilary, operated by the Universaty of tHawan,
may have test instruments ang equipment in
serveral localions Lake Waiau is under scien-
uhe study Please heep the lake iree of any
pollytion and the mountain free of litter:

o
o medy?
* a 9 e Ny aant
A XN

History .
Mauna Kel is adormani volcano on
Ihe island of Hawai, once covered
by fcc Age placiers. These glaclers |
caeved grooves in the tave and sre re-

sponpblie lor forming Lake Waiau hear the
summil. High on the mountain is Keanakahol, whete

ancient Hawanans slayed n wind bicak
“chipping glacier hardened blue gray lav
and waapons

.

Sxkling In Hawail began In 1935. In 1937 membert
of the Hilo SkI Club traveled theae-quarten of the
way sround Mauna Kes 10 reach 7,000 fect

and then dlimbed aight miles to the ummit.

Aftera decling in scivily due Lo wWocld War (I,
;mmmsucuunomamiiin Hagnolulu

111951 Therewera lrips 1o Mauna Keain

and 1958, but shkiers stili had to climb above
9.000 leat. In1987.a}2ed road was completed
10 the summit In order 1o build the Mauna

Kea Obeervatory. Since then. intecest

shilng on Mauna Kea has increased rapid-
ty. This bnterest led tothe formation of the

Ski Association of Hawail in 1067 to pro-
mote akhing in Hawail, This organization
now has over 400 membDers.

Saow permiting, (here &' weskend |
trips sl winter On Prevident’s Day
weshend, there is 8 Ski Maet and
races mra heid for all levels of

Join iha Ski Assochation

ST
JEESALLTCH
er .

HAWAIL

P.0. Uos B327 | Hondulu, Hawsii SGRS

over 175 skicrs arc members of SAH of
Hawall, composed of several chapters
of which the fonolulu Chapter is the
largest.

The SAH offers 132 members monthly
meetlngs, ski trips and travel to,
domestic, natfonal and {nternatlonal
skl destinations,. monthly newsletter,
fliness programs and year=-round manthly
social and athletlc events. ~

FOR HEM {TE:
N S ———————
SKI ASSOCIATION OF IIAHATL
.0, Box 8327 / Honoluly, Hawail 96815

l.l. -

. -
AN \.1':-"-. .-
e “

Transporiation and Accomodations

" ,FlyimoHilo.HawaiitmmHonolulu

o Ihe U.S. mainland. it is sis0 POsti-

ble 10 fly into Kona of Xamuela from
Hilo or Honclulu.

.
.

caves while Graund transpartation 1o the summil of Mauna Kea is

2 into 100ls . . iy four-whect diive vehicle gither by ranting oa the
’ individua! basis of by joining & group.

Mauna Kea 13 the only

skiareain Hawan as Mau- Accomodations range from turury hotels in Hito and
na Loa 15 too rocky and Konz
Halcakafa does not have

Hotets In the shore

. enough snow Tho cinder
canes 2l the summit Drovico
sieen runs while thg cowl arcas
have gentle stopcs. making skung
a chaligago for a1l as well as an
——eapenence ncver-min forgoiten
- rhd S0 811 TURE KO3 rCACREs 10
13796 fept Wwherg the Cay temperaure
usupily vanes (rem 35 to $0 cegrees ]
s apove Ing clouss B0% ol the tme Ah
peautiful, warm sunnycays Bixims RAVE SE2N
spottea on ozgasion: Hovever siarm consihiens
can anse Quickly ano tr accompaned ty nign ¢
winds. which requee tne eliecive remagrature
consigeradly . ' . o st v
: The Mauna Kas Ski Patrol,
Tho Swi SC250N 15 unDrEMCIatic ranGng trem D w0 6 affillated with the Nationsl
monihs The snow 15 wsudily gt catn P R L -{.’
powger ) .
Stopes. Al above tng hmoer hnt vary Irom QEGINAES 10 1NE 10NCFE
_wioe bawl areas to expert on Ihe summit Ang §129€5 of the cinder
_zenes Runs ol 310 5 miles are possipln ANer a ~eavy snextall. out
meto olien. rens are a hatl mic 1o 3 mue : '

The prime means-of gelting ud a0 Agan the SIETOE & *Tul ANEE) 2nve
.eeRs SRers 100 10 the 10D then Sut gavn ang mep! N0 06D AICAT NG 1033
457 anoiner thp o the summit Scme ¢t 1o Puns @AW Meing A COIRDIC IeSe

_1owi 15 c1anned tor Ine near tuture A - .

tine areas are from 1 hour and 45 minutes 10 2
hours and 45 minutes awlky {rom the summit.

Independent parties must make all their own

1953 reservations lor housing and vatuclot.

SK 1 ASSOCIATION OF HAWALI MEETINGS
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By Dick Tellson

High above the beauliful blue Pacific and the

tropical beaches, I start my descent. *

I drop and turn to the right, and the snow
crackles as I drop and turn again. I amn ski-
fngin paradise, high above the clouds, on the
edge of space. ] am skiing on Hawaii's
sacred while mountain, Mauna Kea.

kiing the snows of Mauna Kea is excit-

ing and exotic. With fine powdery
snow in the early season and dry com snow
(Hawaiian sugar corn}later, Hawaii's skiing
has an excellence all its own,

1 Equipped with parkas, sweaters, sun-
screen, shorts and bikinis, we ascended
Mauna Kea, an extinct volcano. We drove
up and unloaded on the rim at the top cra-
ter, then skied across a small saddle and
climbed 100 feet to the very top of Mauna
Kea, 13,796 feet above sea level.

The day is clear above the clouds, with
strong sun and a strange silence. Sound
does nint travel far in the thin air, and you
often hear your pulse beat above the gentle
breeze. For a moment we were spefl-
bound, lost in the silent beauty of this place
where the Goddess of the Snow, Pulizhy
(Madam Pele’s sister), dwells.

Blue ocean lies for miles around, with a
lush, green carpet of ranches just below.

The chain of Hawaiian islands stretch
away to the northwest, and on the clearest
of days I have seen the cfiffs of Mokapu on
Qahu, 175 miles away, The south is domin-
ated by the long mountain Mauna Loa,

e b v
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SKIING THE VOLCANO:

IVIAUNA KEA'S SNOWY SLOPES ~

13,680 feet, sister to Mauna Kea (the white
mountain). Its almost flat, gently sloping
lop seems tostretch for miles, and its snow
capis 25 miles across, a challenge for cross
country skiers.

We skied over to the cornice at the top of
King Kamchameha®s Run, looking downto
the wide sloping plateau below. The slope
angles 45 to 60 degrees all the way down
the big smooth face. You can almost hear
the ancient Hawaiian conch shells trumpet-
ing, inviting you to challenge yourself and
ski with Hawaiian gofls. A near-vertical

tak=olf on this 1,000 (oot slope is a littie hit
unnemng until you imake the first tumn.
The rest is easy.

1 hear the others yell close behind, but 1
cannol look back, I reach out and sel my
pole, lift and turn, sel, and lift and lum
again, Thesnow feels bottomless, ! am floal-
ing. I sel and Iift and lurn apain and again.

I licar someone fall and another yell, Butl

can'tstopyet, and I turn and turn again, My
legs are on fire. Now il's time lo stop and see
how thé others are doing.

The criss-cross Iracks form a figure eight
halfway down the slope. The yells of excile-
ment tell me they are doing well. As they
calch up and stop, one of them says I could
ski like this forever.” I smile; we are enly
halfway down, v

We ski down King Kamehameha's run to
the sloping plateau with miles of rolling,
dipping valleys that wind through out-crop-
pings of smoath lava rock. lfollow the ridge
until I find a little comnice and ski down the
valley.

Fromhereit becomesan open, easy run.
We ski around the base of Puu Lilihou,
across a big open valley, and wiggle
through a lava flow dike, keeping a little
speed to catch the pass between two big
cones below. We cross through Keanaka-
koi, where ancient Hawaiians stayed in
shallow caves for days, chipping the fine
basalt' stone and shaping it into tools.

The snows have been here in Hawaii for
a long time. Part of the mountain is an lce
Age preserve, where signs of the glacier
are obvious, Mauna Kea's first ski club was
formed in 1936-37 by bardy alpineers
Kamada, [de and Iwamoto and joined by

N
g

Higashi, Ho and ’ence. They had to hike
from 7,000 feet to reach the snow.
Today, although there is a road built fi

the Mauna Kea Observatory, dilfict
access and the lack of facilities still discour-
age the less adventurous skiers, The snow.
line, which varies from 9,000 feet 10 13,00
fect in little over a month's time, wou,
make a fixed ski lift very limited. But our
four-wheel-drive pick-up. which we call our

“gondola on wheels,” allows us to ski fou
and five-mile runs for afew weeks and the
adjust 1o one-mile runs and 600 fee! of ver-
tical as the snow line moves. On the bast
day.last season, we skied 29 miles of rui™
with 15,000 feet of vertical.

Mauna Kea hosts the world's hlghest
scheduled ski races -and races in carly
March, late Apnl and carly June. Pethap™
the most unusual event is the King Kam¢
hameha Holua Ski in early June, fcatunng
demonstrations with the Hawaiian holua
{wooden) sleds and even holua snow™
boards.

¢ b

The big 4 x 4 pick-up is coming down {he
road, and a skier glides lo a stop and fal*
dowt laughing. Hejust lies there, exhaustc
and happy. Now he knows “The Snows &
Mauna Kea" are real. QO

-

Dick Tc!fsan has skied Mauna Kea far Forel

years-and still teaches skiers the joys of lhc

maun!am For more information, conla:
'3c

ASSOCIATION OF
HAWA | -
P.0. BOX 8327

HONOLULU, HI 96815

SKI
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fly Susan Monvel
Ster-Hulletin Writer

OMF, aof "the riskiest

skiing in he country

happens on the Hig 1y
fand, the pamble buing
whether it snows on a tropn
cal istand.

Wihen snow does pack the
slopes and pures ol Mauna
Hea=—and it hasn't to any
consistent degree for the past
two years—it's a skiier's para-
dise. The granular “corn™
suow- iy hcavy
fuide a tuen, fight cnough 1w
transform intermediates, into
experts-fora<day, until . the
sun sticks a thick crust in the
aflernouit, .

The smueth prmntaiosile
never develops bguls, by
Iunps that dledipht amt con
found skiiers dn the rest of
the waorld, The runs can
stretch for five wiles wilh
vertical drops of up o 4,500
feet, Amtb the voleans hasw't
erupted for 2847 years.

tunclirenk [rom the low-
oxypen altitude of 13,796 feel,
hipler than any chaigitt wild
climbh  un the  Mainbuud,
shiers take o M deptree view

Riding the Snow anesj

Cuntiaued from i*age C-I

drivers at (e bottom of tacl
run.

The fack of oxygen—is to
40 percent less than at sea
tevel—can make gcuplc dizey
and nauseaus. Ski patrol
members  earry oFpscr
masks, but Doc recommends
being In basic good shape be-
{Elrc attempting 10 skl AMauna
[ M

"Itz :umctlllnﬁ not to bLe
taken Hghtly,” he sald, also
warping parcnls 19 leave
small  children  hehind,
“We've had people make one
cun and Just glve up.”

. Taking aspltin ahead of

tine and dutlog the day, sod .

skiing at hallspecd can help’

vnough to ..

By

=S A L

by

ol red. Black and preen {ields
and econes of former volcany -
spouts hecoming earth:
Everything's topsy-tuevy, e
yond the clouds the ocean
rises. Maui haunts the hori-
zon helow,

s all wonderful when il
happens. In ke meantime ca-
reces have risen and fallew
un Mauna Kea. Dick Tillson,
the Massachusctts man who
led mnost skifers around the
mountain over the past 20

yengps has “disappeared.” The.w = 10t spring.

Ski Association of Hawail, a
nan-profit soclal, group that
sponsored Arips with Tillson,
has seen neither “hide. mor .
haie of him,” according (o
vice-president Ed Dunlar. .
His supply of aki equip.
ment skt sinusad i Kamuaels, '
wihurre Uwee of iy formwer
pamdes  have  taken over .
Mauna Kea- $ki Corp. a3, Ski
Guides Hawail, : H
Two snowless years led to a
divoree for Pal Doe, who,
with partner Christopher .
laaf®, is waiting out yct
anothier svason, Without the
[nances for a shop, they

uperrate out of a house and a-- |

truck.

:un‘?m:r altitude sickness.
Good dark plasses and layers
s sunscrecn are absolule
necessitles. On a single week:
aud, 72 snow.watchers de

seloped snow Dblindpess; a |
few had permanent eye dam-

e,

ned achibers ui fac Natlsial
3kl fairol, have blg vislons
for this winter's tours, possi
by lacluding portable rope

tow systems, and snowmoblle *

‘ar helleopter plck-ups  from
arcas ol reached by the
road, [
They plan tu offer day
tours at $1%20 a3 person, air
andskl packages frum Honoe
Julu at $175 8180, “aki® tours
w e voleane's hackside over
1) miles of teredin al $250 a
persen, cross ceuntry aki

TN

SHOW (_-;,..c:.,

e el gy e pralind e shepry of Alumony doot. el hat itns 3 Bumep

Skiing Mauna Kea Is a Rarified -IEAXpér

clouds amd 1oty of precipita-

» Some

-

Doc and Langan, both certd- |

SyWe're tryings Lo run an e

. tire skl:aren with just 4 cou

ile of people amd ne money.”

oo said. s tough to gol

backing for o husluess lLike
this: I -they ~don't have.
enough faitiein i, 4 do” o = ¢

The snow usually.comes in
heaps i Aarch and April.
years ski races have
been *held on the Fourth “of
uby. Jt dumped last year on
‘fhankspiving, then nothing

Junyl sume _srorndi_c days i ...,
‘Skiiers can [ly into Kamuels

: lautia s Kea has i
reccived only ‘a ! momentaty | o
» dusting 'so far this year, "}’

1lui Doe, a former Tellu--
ride, Colo., ski shop.owner,"Is * !
gptimdstics. . e e -
SUeal i was the ast poed”
year uf skl We've Moeady ™
g passed (e dnfadl foe tialg
L Llsis yeur 5 i -
National Weather: Servicd
furecaster Mike Morrow - says
rainfall Joesn’t indicate any-
© thinge for Mouna Keao The
. weather service can pradict
.+ white stuff “about-the tine it
* 2 slarts snowing.™
. The necessary  inpredients
are freezing temperntures at
ot hvy:w-tiw supani, thick

-

. . .

LR |

[SEEE L
tuurg, "'skl tvo sea’ tours,
camplog trips and skl school..
Beglnners should
auides ahead of time of thelr,
nexperlence. -

foe broupht 250 pales of

" da.and says he ean service,

PR St .
fil TiOE Gis LOLSe SRS W

meet skiters with. 2 four

wheel drive veliele. Contact .’

Ski Guides at 10, Box 2020,
4.
eide, puldes up to 10 skifers 2

day on the volvane and reats
out cyuipment, Mo charpes

slou for t1ourists and $0 o,

kanaainas for a whole day of

skling. . .
*I{'s a.sldeline, You cannot

“the

tnform .

ckls from his shop In Colora.

up to 60 skilers, lle’s operat. .
i

Kamuels, 1l 96743 or B83;:,

Nick Terstenjak, a formuor .
skl échool director at Tellur |

R

ience | -

Liwn,

Some trivia abuut Maunu
Kea snow: 1L doesn’t melt; it
“subfimates,; turning o
water vaper because of low,
air pressure on the volcano
slopes. ’

For snow and road condi-
tions, call the Upiversity of
tlawaii’s Mauna Kea Su ||non
Services in Yilo at 9 .

If and whea it does show, 2
few options are available:

or Kailua-Konia, remt a four-

! wheeldrive vehicle and ski
< eqipment -from the' two

wide outfits and drive 2t
wurs 1o the sununil, waking
Sadd]e NRoad from
Kamueta, oy AVaimes toward
Wie auch turnk vgs e te
wardl 1 sl at Hwmauuta
Junetion, .
Although the skiing fsell-
isn't difficult—the slojies are
steep but unclutered, anid
wenibers of a volunteer skt
patgol cruise the voleang--
genting lost b the lava ur it
i blizzaed can happes. Guides
hnow the terrain and provide

v depend orl it said Tersten:

v Jak, who has a jumber busi:

f ness. “in 198243 | made real

R good money. | could make
100 a day.” .

Ll
. SK1 GUIDE .
Co 808:889—5393 .
The $i Association of Ia.
wali also sponsors trips 1o
Muuna Keca on a shared cost
, hasls. Members sign a list and
are noliflod when the snow i1
i adequate. Tha assoclation ala
. sponsots threa Mainland shi
wipse & year, bLeginulng an
January, and it hosts aeveral
non-skling cvents like saitlop
to kcu[l’ membors occupied
Y

during the sunny winler days
here,
The group medls the [Ient

Thuesdav of sach nionth at

.

: P1ZZA HUT on
- Keeaumoku St at
6:30 pm.



University of Hawaii at Manoa

Institute for Astronomy
2680 Woodlawn Drive ¢ Honoluiu, Hawaii 08822
Telex; 723-8450 « UHAST HR

Office of the Director

June 8, 1988

Mr. Terry D. Krutzler, Secretary
Skl Association of Hawaii

P. 0. Box 8327

Honolulu, HI 96815

Dear M;. Krutzler:

Subject: Environmental Assessment and Supplemental
Environmental Impact Statement Preparation Notice
- Construction and Operation of a "VLBA Antenna
Facility within the Mauna Kea Science Reserve:

Thank you for reviewing and commenting on the subject assessment
and notice. In response to your concern about the project
cutting off a Skl run:

Based on the map which you attached to your comment letter, it
appears that the "King Kam" ski run originates on the southeast
slopes of the summit area, travels downward on the eastern

.slopes of cinder cones in the area and terminates at the Mauna"

Kea Observatory (MKO) Access Road at about the 12,300-foot
elevation. The run crosses the saddle areas between two cinder
cones in the vicinity of the proposed VLBA antenna. A second
run, known as the "Ono Trail," ends in the same general area.

According to people contacted during the preparation of the
environmental 1lmpact statement (including Dr. Andre Erasmus,
meteorologist for the UH Institute for Astronomy and Tom Fake,
Leader of the Mauna Kea Ski Patrol), it rarely snows in the area
of concern. If snowfall does occur, it melts rapidly. As a
result, the ski runs in question are seldom used.

In any event, the proposed access road to the VLBA facility will
not cut off either the "King Kam" or the "Ono Trail"™ runs. The
access road originates at about the 12,100-foot elevation and
proceeds in a northeasterly direction to the antenna site.
Skiers on the "King Kam" run will have sufficient space to

' traverse the saddle area above the proposed facility. In

AN EQUAL OPPORTUNITY EMPLOYER
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Mr. Terry D. Krutzler
June 8, 1988
Page 2

addition, the "Ono Trail"
to the VLBA access road i
termination point of the

will not be affected as the entrance
s at a lower elevation than the
trail at the MKO access road.

We look forward to your review of the draft SEIS.

Yours sincerely,

4. lowee ko . Hatt

Donald N. B. Hall
Director

ce: MCM Planning
C. Wade
W. Porter
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APPENDIX A

SCIENTIFIC AND TECHNICAL
CHARACTERISTICS OF THE VLBA

REPRINTS OF ARTICLES IN
SCIENCE AND SCIENTIFIC AMERICAN
BY

K.I. KELLERMANN AND A.R. THOMPSON
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12 July 1985, Volume 229, Number 4709

The Very Long Baseline Array

K. I. Kellermann and A. R. Thompson

The earliest radio telescopes had bare-
ly enough resolving power lo distinguish
one constellation in the sky from anoth-
er, and for many years il was widely
accepted that, because radio telescopes
operate at such long wavelengths, their

angular resolution must be fundamental-

ly poorer than that of optical telescopes.
Actually, this is not the case, for two
reasons. First, the resolution of large,

been one of ever-increasing angular reso-
Jution achieved by increasing the dimen-
sions of the instruments and operating at
the highest frequencies (shortest wave-
lengths) technically feasible. But even
the largest single-radio antennas, such as
the 100-m steerable reflector near Bonn,
Germany, operating at their shortest
wavelengths (~1 cm) provide only an
angular resolution (\D) of approximate-

Summary. The Very Long Baseline Amay is a high-resolution synthesis radio
telescope consisting of ten antennas, each 25 meters in diameter, located throughout
the United States from Puerto Rico to Hawall. Each antenna will be equipped with
low-noise receivers spaced throughout the frequency range from 330 megahertz o
43 gigaheriz, a hydrogen-maser frequency standard for time and frequency refer-
enca, and broadband digital tape recorders. Tapes recorded at each antenna will be
simultaneously replayed and correlated In a speclally built digital correlator, and the

‘correlator output will, by Fourier transfo
celestial radio sources with an angular resol
second.

rmation, be used to construct images of
ution better than one thausandth of an arc

ground-based optical telescopes is ordi-
narity limited to about 1 arc second, not
by the size of the telescope but by irregu-
larities in the earth’s atmosphere. At
radio frequencies, the atmospheric fluc-
tuations in the path length of the incom-
ing signal are small compared with the
wavelength of radio waves, s0 that the
effect of atmospheric irregularities is less
important. Second, to form clear images,
the phase of the signals must be pre-
served over the entire dimensions of the
instrument. Because of their longer
wavelength, radio waves are easier to
manipulate than light waves, s0 that ra-
dio telescopes of very large size can be
built and operated close to the theoreti-
cal diffraction limit given by the ratio of
wavelength, A, to overall array dimen-
sions, D.

This history of radio astronomy has

12 JULY 1985

ly ! arc minute, which is comparable to
that of the unaided human eye (D, reflec-
tor diameter).

For this reason, radio astronomers
long ago turned to interferometric. tech-
niques to increase the effective aperture
size beyond that feasible from a single
structure. A radio interferometer can be
regarded as a radio analog of the well-
known optical instrument developed by
Michelson in the early part of this centu-
ry to measure steilar diameters. Two
antennas, spaced by a baseline of length
D, are connected to a receiving system
(Fig. 14). After amplification and filter-
ing, the signals are combined in a corre-
lator. The difference A in the path
lengths of an incoming wavefront from a
distant source determines the delay dif-
ference of the two signals and thus their
relative phase. Signals of the same

A-1
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phase, which occur when A is an integral
number of wavelengths, produce a maxi-
mum in the correlator output, and signals
in antiphase produce a minimum. With
respect to the angle of incidence of the
radiation, 6, the response is proportional
10

F(8) = cos[(2nD/\)sind)) ()]

F(9) is the fringe pattern shown in Fig.
1B. The fringe spacing varies with the
wavelength. Over the finite bandwidth of
the receiving system, this variation
causes the fringe amplitude to decrease
for large values of the refative delay. The
corresponding effect in optics is the
white-light fringe phenomenon (1).
The fine structure in the fringe pattern
enables the position and structure of a
source to be studied with an angular
resolution comparable to the fringe
width, which is M(D sin0) radians. In
terms of Fourier analysis, the interfer-
ometer responds to the Fourier compo-
nent of the source with spatial frequency
on the sky equal to (D sin)/A at a
position angle given by the projection of
the baseline onto the sky. To obrain a full
two-dimensional map of a radio source,
it is necessary to scan it with fringe
patterns covering a wide range of fringe
widths and position angles. The rotation
of the earth provides part of this required
variation because an observer looking
down at the earth from the direction of
the source sees the position angle of the
baseline rotate through 180° in 12 hours
(Fig. 1C). Thus the required information
can be obtained by using antennas that
track a source across the sky, together
with different baseline lengths obtained
by using a number of antennas or by
moving the positions of the antennas and
repeating the observation on another day
(or both). The range of spatial frequen-
cies included in the measurements is
conveniently presented in the Fourier
transform plane, which shows the pro-
jected interferometer spacings as secn
from the direction of the source. Figure
1D shows an example of the form of the
coverage for an array consisting of three
antennas in an east-west line (see Fig.
1C). Although a linear arrangement is

The authors are at the Nationa] Radio Astronamy
Observatory, Edgemont Road, Charlattesville, Yir-
ginia 22901,
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adequate for mapping sources at high
declinations, a two-dimensional array is
needed for sources near the celestial
equator, where the earth’s rotation intro-
duces foreshortening rather than rotation
of the baselines.

The measured responsc to a radio
source is expressed in terms of visibility,
a complex quantity that represents the
magnitude and phase of the fringe oscil-
Jations at the interferometer output, The
source brightness distribution is recon-
structed from the two-dimensional visi-
bility function by an inverse Fourier
wansformation, a technique known as
synthesis mapping (2).

The rccently completed Very Large
Array (VLA) radio telescope gives, for
the first time at radio wavelengths, im-
ages of high sensitivity with angular res-
olution and image quality cqual to or
better than that given by optical tele-
scopes. The VLA consists of 27 anten-
nas, each 25 m in diameter, located at
intervals along the three linear arms of a
Y-shaped configuration. The arms run
outward from the array center at 120°
intervals in azimuth and extend to 21 km.
A double railroad track allows the nine
antennas on cach arm to be moved be-
tween four sets of foundations to provide
four configurations with arm lengths
ranging from 600 m to 21 km. With the
largest configuration, the resolution is
better than 1 arc second, which is com-

T

Recelving

system

parable with that of large optical tele-
scopes at the best observing sites; the
lower resolution of the more compact
configurations enables extended objects
(such as nebulac) to be observed without
loss in sensitivity. Circular waveguide is
used to carry the phase-reference signal
to cach antenna and to carry the received
signals back to the main control building,
where they are combined in a digital
correlator. Each of the 351 [(27 X 26)2]
interferometer outputs, corresponding to
a different antenna pair, is averaged and
sampled at intervals as short as | second
and then Fourier transformed to produce
a high-resolution image.

The VLA is the most powerful radio
tclescope in the world and has given a
tremendous improvement in angular res-
olutjon, sensitivity, and image quality
over previous radio telescopes a3, 4.
More than 500 scientists each year use
the VLA for a wide variety of extragalac-
tic, galactic, and solar system studies. Of
particular interest have been the obser-
vations of the radio emission from galax-
ies and quasars, Up to 10%? J of energy is
found in clouds of relativistic plasma
cjected from these objects, and under-
standing the source of this energy has
been one of the most challenging prob-
lems of modern astrophysics. Observa-
tions made with the VLA indicate that
the origin of the energy may be traced to
a remarkably compact but highly lumi-
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Fig. 1. (A) The two antennas of a basic interferometer showing the differential path length A for
a wavefront incident at angle 0. The receiving system contains a corre_lator that forms the time
average of the product of the vollages, thus giving the cross-correlation. (B) Tke form of the

fringe pattern given in Eq. 1, which represents t

he interferometer response to a point source at

position 8. In practice, the number of fringes in the 180° interval shown varies from hundreds to
more than a million. (C) Ant cast-west array of three antennas as viewed from the direction of a

radio source at three instants of time, fy, f2.

and fy, showing how Lhe position angle of the

baseline changes with time. (D) The projected antenna spacings for the three-element array in
(C), N and E being the dircctions on the celestial sphere. “The full lines represent a 12-hour
interval; during the remaining 12 hours (indicated by the broken curvesh, the same spacings and
position angles are repeated and no new information is obtained.
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nous core found in quasars and in the
nuclei of active galaxies, from which
long thin jets extend up to millions of
light years toward the giant extended
radio clouds (5). These compact nuclei
radiate as much as 10" W (the radio
power of 100 million normal galaxies)
from a volume of space only a few light
years across, or about 10~? of the vol-
ume of the Milky Way system (see Fig.
2.

The angle subtended by the radio nu-
clei is very small, typicaily about one-
thousandth of an arc second, or a factor
of 100 to 1000 beyond the resolution limit
of the VLA. In order to obtain radio
pictures on this angular scale array, di-
mensions comparable to the radius of the
earth are needed, However, for dimen-
sions much larger than those cf the
VLA, physical interconnections of an-
tennas by transmission lines become
costly, and there are practical problems
of avoiding obstacles such as rivers and
hills.

As early as the 1950's, radio astrono-
mers in England and Australia experi-
mented with microwave radio links to
connect the distant elements of interfer-
ometer systems. Although baselines of
more than 100 km were used, there were
too few antenna elements to synthesize
the structure of radio sources in detail,
Several years ago, the Nuffield Radio
Astronomy Laboratory at Jodrell Bank
brought the multielement radio-linked in-
terferometer (MERLIN) system into op-
eration, which uses up to six simulta-
neous antennas with overall dimensions
of 134 km (7). Operating primarily at
wavelengths of i8 and 70 cm, MERLIN
has been used to investigate the angular
structure of radio sources with sizes as
small as 0.1 arc second.

In principle, there is no limit to the
dimensions that can be achieved with
radio links, but the need to install repeat-
ers every 50 km or so would make the
cost prohibitive for an array of continen-
tal dimensions. Satellite repeaters have
been used to distribute a phase-reference
signal to distant antennas and to link the
received signals al intermediate frequen-
cy (IF) to a central station, But the opera-
tion of a muitielement, broad-bandwidth
array would require the full capacity of a
modemn communications satellite, and so
far only experimental satcllites have been
used for briel periods (8).

Fortunately, it is not mecessary 10
have a direct, real-time connection be-
tween interferometer clements. A more
cost-effective method is to record the IF
signals on magnetic lape at each antenna
and 1o transport the tapes to a central
facility where they are replayed simuita-
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neously. Time synchronization of the
recordings is provided by atomic fre-
quency standards at each anlenna, which
also supply a stable reference signal for
the local oscillators. This technique of
using independent oscillators and tape
recorders is known as Very Long Base-
line Interferometry (VLB!) and was de-
veloped in the late 1960's, primarily in
response to the need for ultrahigh resolu-
tion to study the compact radio nuclei in
quasars and active galactic nuclei (9).

Since that time, more than 25 inde-
pendently operated radio telescopes
throughout the world have been used in
coordinated VLBI programs, with up to
18 antennas being employed simuita-
neously. Approximately every 2 months,
1 to 2 weeks are set aside at six or more
radio telescopes in the United States for
simultaneous VLBI observations. In Eu-
rope, similar sessions are scheduled four
times per year. Frequently a number of
European and North American antennas
are combined to form a global network.
Regular VLB observations arz also
scheduled by NASA, the National Geo-
detic Survey, and the Jet Propulsion
Laboratory for a variety of terrestrial
experiments to study global tectonics,
polar motion, earth rotation, and time
synchronization. Many pioneering dis-
coveries have been reported from these
networks of existing antennas, but by
1975 the need for a full-time dedicated
array of specially designed and strategi-
cally located antennas had become ap-
parent (10},

The VLBA

In 1982, after 7 years of study and
evaluation, the National Radio Astrono-
my Observatory submitted a request to
the National Science Foundation to con-
struct a dedicated Very Long Baseline
Array (VLBA) to provide high-quality
radio images of very small galactic and
extragalactic radio sources (/1). The
VLBA is being designed 1o give resolu-
tions ranging from a few tenths of a milli-
arc second to a few hundredths of an arc
second, which correspond to the planned
wavelength range from about 1 cm to 1
m. The VLBA will consist of ten preci-
sion antennas, each 25 m in diameter,
located throughout the United States,
including Puerto Rico and Hawaii. The
configuration of the elements (Fig. 3) has
been chosen to optimize the resolution
from within the United States while
maintaining uniform coverage of project-
ed interferometer spacings to minimize
the sidelobes. However, it is also neces-
sary to choose locations that minimize

12 JULY 1985

Declination (1950.0)

1 w 1 L L
o4" 3™ a0t s »* 28} oo™’ 3 ' b ' 2t
Right ascenslon (1950.0)
15+ ot T 1 T =
VLA
. A Arrsy .
@ [] cmd) .
apere
10 . =
e, . 2 kpe .
v —_——— o
o5
05" 15' 007
3 !
° o)
n
a
%
2
z
ii 00.5}- : ﬁ: . . ¢ " e . v
3 R, S VLA ...
oigood; Ya. . W60 *“ « A Array’ 7
* gl i 2cm ¢ -
59.5' - -
- . -Q- »
so0} . @a 2
- + °
5.9 ; 400 pec 3
5&0"‘ Lo * [) =
» ]

Fig. 2. Structure of the
active radio galaxy
3CI120 over a wide
range of angular scales.
The resolution is varied
by changing the base-
line length and observ-
ing frequency. The im-
apes shown here were
made with maximum
baselines of (A) DI\ =
1.9 x 10* (D, 3.4km; A,
18 ¢m); (B) DiA = 5.7
x 10* (D, 3.4 km; X, 6
em); (C) Din = 6 x 10
(D, 34 km; A, 6 em); (D)
D\ = 1.8 x 10° (D, 34
km; A, 2 cm); (E) DI\
= 5.5 x 107 (D, 10,000
km; A, 18 cm); and (F)
DI =17x 10" (D,
10,000 km; X, 6 cm) (6).
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adequate for mapping sources at high
declinations, a two-dimensional array is
needed for sources near the celestial
equator, where the earth’s rotation intro-
duces foreshortening rather than rotation
of the baselines.

The measured response to a radio
source is expressed in terms of visibility,
a complex quantity that represents the
magnitude and phase of the fringe oscil-
lations at the interferometer outpul. The
source brightness distribution is recon-
structed from the two-dimensional visi-
bility function by an inverse Fourier
transformation, a technique known as
synthesis mapping (2).

The recently completed Very Large
Array (VLA) radio telescope gives, for
the first time at radio wavelengths, im-
ages of high sensitivity with angular res-
olution and image quality equal to or
better than that given by optical tele-
scopes. The VLA consists of 27 anten-
nas, each 25 m in diameter, located at
intervals along the three lincar arms of a
Y-shaped configuration. The arms run
outward from the array center at 120°
intervals in azimuth and extend to 21 km.
A double railroad track allows the nine
antennas on cach arm to be moved be-
tween four sets of foundations to provide
four configurations with arm lengths
ranging from 600 m to 21 km. With the
largest configuration, the resolution is
better than | arc second, which is com-

Recelving
system
it Al

Fig. 1. (A) The two antennas of a basic interferometer showin
a wavefroat incident at angle 8. The receiving system contain
average of the product of the voltages, thus giving the cross-
fringe pattern given in Eq. 1, which rcpresents the interferome

baseline changes with time. {D) The projecte
(C), N and E being the directions on the celestial sphere,

d antenna spacings

parable with that of large optical tele-
scopes at the best observing sites; the
lower resolution of the more compact
configurations enables extended objects
(such as nebulae) to be observed without
loss in sensitivity. Circular waveguide is
used to carry the phase-reference signal
to each antenna and to carry the reccived
signals back to the main control building,
where they are combined in a digital
correlator. Each of the 351 {(27 % 26)/2]
interferometer outpuls, corresponding to
a different antenna pair, is averaged and
sampled at intervals as short as | second
and then Fouricr transformed to produce
a high-resolution image.

The VLA is the most powerful radio '

telescope in the world and has given a
tremendous improvement in angular res-
olution, sensitivity, and image quality
over previous radio telescopes (3, 4).
More than 500 scientists cach year use
the VLA for a wide variety of extragalac-
tic, galactic, and solar system studies. Of
particular interest have been the obser-
vations of the radio emission from galax-
ies and quasars. Up to 10" J of cnergy is
found in clouds of relativistic plasma
¢jected from these objects, and under-
standing the source of this energy has
been one of the most challenging prob-
lems of modem astrophysics. Observa-
tions made with the VLA indicate that
the origin of the energy may be traced to
a remarkably compact but highly lumi-
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position angles are repeated and no new information is obtained.
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g the differential path length A for
5 a correlator that forms the time
correlation. (B) The form of the
ter response Lo a point source at
position 8, In practice, the number of fringes in the 180° interval shown varies from hundreds to
more than a million. (C) An east-west amay of three antennas as
radio source at three instants of time, fy, f, and . showing

viewed from the direction of a
how the position angle of the
for the three-element array in
The full lines represent a 12-hour

interval: during the remaining 12 hours {indicated by the broken curves), the same spacings and

nous core found in quasars and in the
nuclei of active galaxies, from which
long thin jets extend up to millions of
light years toward the giant extended
radio clouds (5). These compact nuclei
radiate as much as 10" W (the radio
power of 100 million normal galaxies)
from a volume of space only a few light
years across, or about 107? of the vol-
ume of the Milky Way system (see Fig.
2).

The angle subtended by the radic nu-
clei is very small, typically about one-
thousandth of an arc second, or a factor
of 100 to 1000 beyond the resolution limit
of the VLA. In order to obtain radio
pictures on this angular scale array, di-
mensions comparable to the radius of the
ecarth are needed. However, for dimen.
sions much larger than those of the
VLA, physical interconnections of an-
tennas by transmission lines become
costly, and there are practical problems
of avoiding obstacles such as rivers and
hills.

As early as the 1950's, radio astrono-
mers in England and Australia experi-
mented with microwave radio links to
connect the distant elements of interfer-
ometer systems. Although baselines of
more than 100 km were used, there were
too few antenna clements to synthesize
the structure of radio sources in detail.
Several years ago, the Nuffield Radio
Astronomy Laboratory at Jodrell Bank
brought the multielement radio-linked in-
terferometer (MERLIN) system into op-
eration, which uses up to six simulta-
neous antennas with overall dimensions
of 134 km (7). Operating primarily at
wavelengths of 18 and 70 cm, MERLIN
has been used to investigate the angular
structure of radio sources with sizes as
small as 0.1 arc second.

In principle, there is no limit to the
dimensions that can be achieved with
radio links, but the nced to install repeat-
ers every 50 km or so would make the
cost prohibitive for an array of continen-
tal dimensions. Satellite repeaters have
been used to distribute a phase-reference
signal to distant antennas and to link the
received signals at intermediate frequen-
cy (IF) to a central station. But the opera-
tion of a multiclement, broad-bandwidth
array would require the full capacity ofa
modern communications satellite, and so
far only experimental satcllites have been
used for brief periods (8).

Fortunately, it is not necessary 1o
have a direct, real-time connection be-
tween interferometer elements. A more
cost-effective method is to record the IF
signals on magnetic tape at each antenna
and to transport the tapes to a central
facility where they are replayed simulta-
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Two VLBI recording systems arc in
common use today. One, the MKII sys-
tem, is based on a modified home video
cassette recorder (VCR) that is used to
obtain 4 hours of uninterrupted digital
recording with a sampling rate ol 4 mega-
bits per second for a 2-Miz bandwidih

with two-level gquantization, More than -

25 radio telescopes throughout the world
have recording systems of this type. The
recorded data can be replayed at any one
of three processing facilitics located at
the Max-Planck Institut fir Radioastron-
omic in Bonn, Germany; at the National
Radio Astronomy Observatory in Char-
lottesville, Virginia; and at the California
Institute of Technology in Pasuadena,
California,

The newer MK system, developed
at the Massachuselts Institute of Tech-
nology Haystack Observatory largely
under NASA sponsorship, uses a 28-
track longitudinal instrumentation re-
corder to oblain data rates up to 224
megabits per second (112-MHz signal
bandwidth) with a tape speed of 270
inches per second. But becausc the bit
density of the MKIII recording system is
an order of magnitude less than that of
the MKII system, the high data rate is
achieved only at the expense of using
prodigious amounts of magnetic tape.

In recent experiments at the Haystack
Observatory, good signal reproduction
has been achieved with narrow recording
heads machined from gap bars used to
fabricate standard VHS heads for the
home VCR market. The VLBA will use
32.track head stacks, with each track 20
pm wide, wriling at a data rate of 4
megabits per second for a recording rate
of 128 megabits per second. A piezoelec-
trically controlled mechanism will be
used to reposition the head stack to
allow 26 passes of l-inch-wide tape. In
this way a single 16-inch reel of tape
(13,000 feet) will tast for 8 hours and will
hold approximately 3 % 10'? bits of in-
formation. Even longer recording times
may be possible with thinner tapes or
larger reels (or both). Tests run with a
prototype system at the Haystack Obser-
vatory have been successful in keeping
the position of the recorded track to
within 1 pm over tape lengths of up to
9000 feet (13).

The recording rate of 128 megabits per
secand will accommodate a total band-
width of 64 MHz with two-level quanti-
zation. Provision will also be made for
use of four-level quantization for spec-
tral-line observations, Higher recording
rates will be possible for short periods of
time to increase the sensitivity for spe-
cial experiments. The total recorded
bandwidth may be subdivided into as
many as |6 subbands, over which the

2000
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=2000

Fig. 4 (lef0). (Top) Unprocessed image of the radio galaxy Cygnus A obtained with the VLA by
Perley, Dreyer, and Cowan, The splotchy background does not represent real structure but is
the result of the inability of the VLA to mecasure the entire Fourier transform of the object.
(Bottom) Top imauge corrected for incomplete coverage of the Fourier transform plane

(CLEAN) and atmospheric phase fluctuations
peak brightness 1o root-mean-square noise) hus
structural delzils obscured in the top image are now readily discernible.

(self-calibration). The dynamic runge (ratio of
been improved from about 100:1 to 4000:1, and

Fig. 5 (right).

Coverage of Fourier transform planc of VLBA (solid lines) with proposed exlension to space by
rmeans of the QUASAT satellite (dotted lines). i and v ure the projected interferometer spacings

in wavelengths at a frequency of 22 GHz.

received signals can be distributed in
frequency and polarization. For exam-
ple, the most common form of observing
is likely to make use of a single frequen-
¢y band with both senses of circular
polarization being received and with half
the recorded bandwidth assigned (o each
one. It will be possible to position the
subbands contiguously in frequency or
to spread them out over a wide range {up
to 500 MHz). It wilt also be possible to
make simultaneous abservations in cer-
tain pairs of frequency bands.

Time and Frequency Standards

The VLBA will use a hydrogen maser
frequency standard at each antenna as an
independent time and frequency stan-
dard. A hydrogen maser makes use of
the well-known line of atomic hydrogen
at 2l-cm wavelength that is emitied
when the spin vector of the electron
changes sign relative to that of the pro-
ton in the ground-state atom. In the
maser molecular hydrogen is dissociat-
ed, and atoms with the desired excitation
are selected by a magnetic field and
passed into a cavity that is resonant at
the line frequency of 1420.405 MHz, The
resulting stimulated emission provides a
signal that is stable in frequency to the
order of 1 part in 10" for periods up to &
few thousand seconds. The maximum
possible integration time is set by the
requirement that the relative oscillator
phase must drift by no more than, say,
0.2 radians. Then at the maximum
VLBA frequency f of about 40 GHz,
with 0.2/(2nf7) approximately equal to

A~5

10~%, the maximum integration time (1)
is about 1000 seconds.

In maintaining coherence over the en-
tire signal bandwidth, the incoming
wavefront must be sampled at the two
antennas of each interferometer with an
accuracy of the order of the reciprocal
bandwidth, and this accuracy must be
preserved on playback. With a band-
width of 50 MHz, time synchronization
accurate to 20 nsec is required to detect
interference fringes. In actual praclice,
the signals are combined with a range of
possible delays, so that the necessary
timing accuracy is easily achieved with
hydrogen maser clocks.

The Playback System

Approximately 7 miles of data tape
will be accumulated each day at each
antenna element and sent by commercial
transport to the VLBA Operating Center
in New Mexico, where it will be simulta-
neously played back and correlated with
tapes from each of the other antennas.
The processor system will allow for up to
20 ptayback recorders, so that additional
antenna systems in the United States and
other countries can be used to enhance
the sensitivity and resolution of the
VLBA. This processor, which is being
developed at the California Institute of
Technology, will contain about 50,000
complex digital correlators and will pro-
vide playback rates of at least up to 256
megabits per second (bandwidths up to
128 MHz) in the continuum mode. For
spectroscopic applications, the received
bandwidth can be subdivided into. as



many as SI2 frequency channels with
channet bandwidths as narrow as 125
iz, An attached fringe processing com-
puter will penerate the fregquency chan-
nels by Fourier transformation of the
mensured delay Tunction and will per-
form other routine normalization and
calibration tasks (/4).

Tnuge Formation

The image of a radio source oblained
by Fourier transformaton ol the mea-
sured visibility is the true brightness
distribution convolved with the synthe-
sized beam pattern, which is the re-
sponse of the array (o a source of infini-
tesimal angular dimensions. The beam
pattern is determined mainly by the
range of spatial frequencies covered in
the observations (see Fig. iD) and is
derived easily, 1t is desirable that the
beam pattern should have a well-defined
main beam with a minimum of sidelobes.
This constrains the distribution of the

Apr, 1981

July 1982

Feb. 1083

Cet. 1983

Jan, 1984

0001
40 ligh! years

Fig, 6 Uleft). Five images of the quasar 3C345
showing the increase in separation of 21 light
years during a 2.75-year period. or an appar-
ent average expansion velocity of ubout 8e
tn. Fig. 7 (right), 1mage of the OH maser

in the envelope of 4 newly formed star in the cons
red. Each spot is a muser source emitting radio radiation equiv
VL1 ohservation with antennas in Massachuselis, West Virginia,

128

haselines and was a major consideration
in selecting the antenna sites. However.
with only ten antennas there are side-
lobes with amplitudes of the order of §
percent of the synthesized main beam.
Because the pattern of the residual side-
lobes is accurately known, their etfect on
the radio image can be clfectively re-
duccd by numerical computation with an
algorithm known as CLEAN. In this
process the rindin insage is analyzed into
aoset of beam patterns (including side-
lobes). amd then the image is reconsiruct-
cd with a clean beam (that is, one with-
out sidelobes) (Fig. 4.

The cffect of tropospheric and iono-
spheric irregularities on the signal phase
is more serious because the resulting
NMuctuations are not predictable and are
often too rapid to remove by using a
separate calibration source, especially at
short centimeter and millimeter wave-
lengths, However, adaptive calibration
technigues have been developed that use
preliminary images contaminated by
phase errors to estimaie the unknown

2:25: 15.444
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phases by iterative procedures. For N
antennas there are many more measured
interferometer phases, N(V — 1¥2, than
unknown relative  antenna phases,
N = 1: because of this, the procedure
converges rapidly. Several practical al-
gorithms now exist under the names of
“hybrid mapping.” *self-calibration.” -
or “adaptive-calibration® (15). Howey-
er. the atmospheric eflfects are mitigated
al the expense of increased computing
inte becanse the procedures  eegnire
many iterations of the basic mapping
processes. These procedures are pres
ently in use at the VLA, and the two
instruments will largely share the same
software and compulting facilities.

Operation

The operation of a radio telescope
with elements dispersed over 8000 km .
presents a number ol problems. With the
present ad hoc VLBI activities, each
antenna is operated by the local resident

61145152.1089

tellation Cassiopein, The colors indicate Doppler velocities of recession increasing from blue to
alent to a black hody heated ta 10% K. This image was formed from an cight-station !
Texus, lllinois. Maryland, California (1wo). and Canada (18).
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staffl who carry out a prearranged ob-
serving program. All the elements of the
VLBA will be controlled from an Opera-
tions Center in Socorro, New Mexico,
This location was chosen to simplify the
combined operation with the VLA, in-
cluding some sharing of personnel and
cquipment,

Normally, each antenna will be unat-
tended, but a technician-operator will be
available at each site for inspection, rou-
tine maintenance, and the simpler un-
scheduled repairs. The local stall’ will
also update the operating systems at the
local contro! computer, change the data
tapes, and ship them to the Operations
Center and will be responsible for securi-
ty, emergency intervention, and routine
start-up and shut-down procedures.

The Qperations Center will provide for
major maintenance and repair requiring
personnel with special skills, special
equipment, or major replacement parts,
However, because there are plans to
build much of the electronics in modular
units and to replace complete modules in
the case of failure, most such replace-
ments can be performed easily by the
local site personnel. Defective modules
will be returned to the Operations Center
for repair. This procedure, although re-
quiring a somewhat larger than normal
inventory of spare parts, will reduce
travel and personnel costs. The modular
packaging was used in the design of the
VLA and has proved to be highly practi-
cal.

The VLBA will be operated by means
of a preplanned program under the con-
tro} of a central computer that will simul-
taneously monitor the performance of
the antennas and receivers as well as the
meteorological conditions at each site.
An array control operator will be present
at all times at the Operations Center lo
intervene when necessary and to carry
out various bookkeeping tasks. From
time to time brief samples of the received
signal at each antenna will be sent to the
Operations Center via telephone lines
and correlated in nearly real time to
check that all components of the VLBA
are functioning properly.

For special experiments, additional
antennas such as the VLA and antennas
in North America, Europe, Japan, and
Australia may be included to increase
even further the resolution, sensitivity,
and image quality of the array. Of partic-
ular importance will be the dedicated
VLBI antennas now being constructed in
Italy and an array of four to nine ele-
ments under discussion in Canada.

These global systems will approach
the best practical resolution obtainable
from the surface of the earth, but even
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higher resolution will be possible from
space. Plans alrcady exist for a joint
European Space Agency-NASA project
to orbit a 15-m radio telescope known as
QUASAT to operate together with the
VLBA and other terrestrial arrays.

_QUASAT will give a further increase in

baseline length over the YLBA by a
factor of about 3 (Fig. 5). But perhaps
more important, it will be the first step
toward larger and more distanl antennas
in space that will permit even further
improvement in resolution.

Research with the VLBA

Completion of the full VLBA, which
will give high-quality radio images with
unprecedented angular resolution, s
planned for 1990. When completed, the
array will allow detailed studies of the
tiny energetic cores of galaxies and qua-
sars, as well as pulsars, radio stars,
interstellar molecular masers, and other
compact sources of radio emission. In
addition to astronomical studies, the ar-
ray will be of importance in geodetics,
crustal dynamics, and space navigation,

VLBI observations made with existing
radio telescopes have already given a
glimpse into the heart of quasars and
galaxies, but the nature of the central
energy source still remains a mystery.
With the VLBA it will be possible 10 see
in detail the dynamics of the energy
generation process. Of particular interest
will be the apparent faster-than-light mo-
tions resulting from the explosive ejec-
tion of relativistic material from quasars
and galactic nuclei (/6) (see Fig. 6).

Even within our own galaxy, there are
various compact radio stars of interplan-
etary dimensions that are unresolved by
conventional radio telescopes but can be
studied with the VLBA. One of the most
important problems in galactic astrono-
my is understanding the life cycle of
stars. Clouds of OH, H,0, and §iO are
often found in regions where stars are
formed and in the atmospheres of very
old stars. They are excited by the stellar
radiation and act as interstellar masers.
High-resolution radio pictures made with
the VLBA will be used to probe the
dynamics and magnetic fields in these
regions on a scale of 10" to 10" cm and
to give information on the birth and
death of stars (see Fig. 7).

.Hydroxyl radical masers contain mag-
netic fields of the order of a few milli-
gauss that cause the spectral features to
exhibit Zeeman splitting. Observations
of this splitting reveal the three-dimen-
sional magnetic field vectors throughout
these regions, which give some insight
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into the manner in which the magnetic
field affects cloud collapse and star for-
mation. The high resolution of the
VYLBA will also extend the range of
direct distance measurements by trigo-
nometric parallax. Observations of prop-
er motions will be possible both through-
oul our galaxy and in other palaxies. This
will open up an exciling range of astro-
metric solutions to the important prob-
lems of the structure and rotation of the
galaxy.

One type of H00 maser source cone
tins clusters of hundreds of bright spots
whose relutive motions are nearly ran-
dom. The distance to such sources can
be determined by statistical paraliax
methods, that is, by comparison of dis-
persions of the radial velocity and angu-
lar motions. The distances 1o the maser
sources in Orion and W51 (1,600 and
23,000 light years, respectively) have al-
ready been measured by this technique
with an accuracy of about 20 percent
(19). With the VLBA it will be possible
to make similar measurements on a larg-
er number of objects, including H,O
masers in nearby galaxies, thus extend-
ing this relatively direct distance mea-
surement by a factor of about 100. This
will have major implications for cosmol-
ogy because knowledge of the comrect
scale of the universe will lead 1o a better
understanding of its mass, encrgy con-
tent, age, and eventual evolution.

The VLBA will also be used for a
broad range of problems in physics and
geophysics as well as for astronomy and
astrophysics (20). Because the spacing of
the interferometer fringes depends on
the separation of the antennas, precise
analysis of the received signals makes it
possible to measure the antenna separa-
tions with great accuracy. This measure-
ment has a variety of applications lo
geodesy and crustal dynamics (plate tec-
tonics). VLBI techniques have already
been used to measure transcontinental
distances to an accuracy of a few centi-
meters (21), and systematic measure-
ments made over a period of lime may
well detect the small changes in separa-
tion among the various VLBA elements
that are due to motions within the earth’s
crust. Tides in the solid earth amount o
several tens of centimeters each day, and
the ability to make systematic measure-
ments of their effect will lead to a better
understanding of the interior of the
earth. In particular, measurements of
this type may lead to the predictions of
earthquakes and the detection of conti-
nental drift over time spans of several
years.

Because the directions of the baselines
connecting the individual elements can
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alsc be determined from the celestial
observations, the YLBA may also be
used to locate the instantancous posilion
of the Earth's rotation axis and the wan-
dering of the poles. Accurate determina-
tion of the rate of the earth’s rotation
(time) and a better evaluation of the rate
of its slowing down will also be possible.
‘The VLBA can also be used to mea-
sure with great accuracy the relativistic
bending of radio signals as they pass
close to the sun. Classical optical mea-
surements of stars near the limb of the
sun made during limes of solar eclipses
provided onc of the first experimental
demonsirations of general relalivity, But
even now, it is difficult to measure the
bending of starlight with an accuracy
better than 10 percent. Radio measure-
ments made with connecled element in-
terferometers have already given an or-
der of magnitude improvement in accu-
racy, and the much greater resolution of
the VLBA will lead to further improve-
ments. Indeed, the sensitivity to refativ-
istic effects will be so great that even
position measurcments made %0° away
from the sun will need to be routinely
corrected for relativistic bending.
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The Very-Long-Baseline Array

An array of 10 radio antennas across the U.S. will provide the most

detailed images yet of the universe. With it astronomers will explore

such cosmic puzzles as the mysterious processes powering the quasars

by Kenneth L Kellermann and A. Richard Thompson

ver since Galileo pointed his

telescope to the night sky near-

ly 400 years ago, astronomers
have been building instruments of
ever increasing sophistication with
which tc observe the universe. Each
improvement in the resolving pow-
er of their instruments has enabled
them to examine the universe in in
creasing detail and to discover new
kinds of objects unknown 1o earli-
er generations. Galileo's telescope
achleved a twentyfold improvement
in resolution and allowed human
eyes to see for the first time the
phases of Venus, the rings around
Saturn, the four bright moons of Ju-
piter, the craters and mountains on
the moon and the myriad stars of the
Milky Way. The giant optical instru-
ments of today, such as the 200-inch
Hale telescope on Mount Palomar,
can detect objects more than a mil-
lion times fainter than those Galileo
could see. But because of limits im-
posed by turbulence in the awmos-
phere, they can distinguish features
only one-tenth the size of those that
could be detected with Galileo's rudi-
mentary telescope.

The devetopment of radlo technol-
ogy in World war li opened a com-
pletely new window on the universe.
when astronomers turned radio an-
tennas to the heavens, they began o
find a previously unknown universe
of solar and planctary radto bursts,
quasars, pulsars, radio galaxies, gi-
ant molecular clouds and cosmic ma-
sers. Not only do the radio waves
reveal a new world of astronomical
phenomena but also—hecause they
are much longer than light waves—
they are not as severely distorted by
atmospheric turbulence or small im-
perfections in the telescope.

To the pioneers in radio astronu-
my, however, the long wavelengths
appeared to be a severe handicap.
The resolving power of a telescope

depends on the wavelength divid-
ed by the diameter of the aperture.
To obtain a resolution comparable to
that of an optical telescope operating
at a typical light wavelength of 5,000
angstrom units {5 x 10-7 meter), a ra-
dio antenna operating at a one-me-
ter wavelength would have to be a
million times as large. Therefore
although the early radio telescopes
could detect signals from remote gal-
axies that are faint or invisible with
even the largest optical telescopes,
they had such poor resolution that
they could not always tell indlvidual
sources apart. Even the largest steer-
able single-dish antenna, a 100-me-
ter reflector in Germany operating at
wavelengths of about one centime-
ter, can attain a resolution of only
one minute of arc, roughly the same
as that of the unaided eye. To build a
radio telescope with a resolution of
one second of arc, comparable to that
of the Hale telescope, would require
an antenna with a diameter in the
tens of kilometers.

Forwnately there is a way around
the dilemma. About 25 years ago ra-
dio astronomers became aware that
they could synthesize a resolution
equivalent to that of a large aperture
by combining data from smaller ra-
dio antennas that are widely separat-
ed. The effective aperture size would
be about equal to the largest separa-
tion between the antennas. The tech-
nique is called synthesis imaging and
is based on the principles of inter-
ferometry. Radio astronomers In the
U.S. are now building a synthesis ra-
dio telescope calied the Very-long
Baseline Array, or VLBA. With 10 an-
tennas sited across the country from
the Virgin Islands to Hawali, it will
synthesize a radio antenna 8,000 kil-
ometers across, nearly the diameter
of the earth. The vLBA's angular reso-
lution will be less than a thousandth
of an arc-second—about three orders
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of magnitude better than that of the
largest conventional ground-based
optical telescopes. Astronomers ea-
gerly await the completion early in
the next decade of the VLBA, which
is expected, among other things, to
give an unprecedentedly clear view
into the cores of quasars and galactic
nuclei and to reveal details of the
processes—thought 1o be powered
by black holes—thatdrive them.

Radio Interferometry

The basic principle of the VL.BA is
that of the radio interferometer, a
system that combines the signals re-
ceived from a radio source by two or
more antennas. The resulting inter-
ference pattern indicates the differ-
ence in the path lengths from the
source to the antennas. If the paths
differ by an Integral number of wave-
lengths, wave crests will arrive at the
antennas in phase, or simultancous-
ly, and produce an intensity maxi-
mum when the signals are combined.
Conversely, if the paths differ by an
odd number of half wavelengths, 3
crest and a trough will coincide and
cancel, thereby creating an intensity
minimum in the combined signal.
Because the path lengths are deter-
mined by the position of the radio
source in relation to the antennas,
the interference pattern contains in-
formation about the location and de-
tailed features of the source and can
be used to construct an image.

When a celestial objectis observed
with a radio interferometer, the ro-
tation of the carth causes the path-
length dilference to vary and the re-
ceived signal to oscillate between be-
ing in and out of phase, creating a
sinusoidal pattern of maximums and
mintmums called interference fring-
¢s. The earth must rotate through a
greater angle betwecn one maximum
and the next for short baselines than



it must for long ones. Closcly spaced
antennas therefore produce broad
fringes and respond only to the
coarser structure of a source, Anten-
nas with wider spacings respond to
finer detail, To gather full informa-
tion on the structure of a source it
is necessary to have an array of an-
tennas with a variety of baseline

tennas on cach arm can be moved
along the track and arranged in four
different configurations so that the
arm lengths range from 600 meters
10 21 kilometers, The antennas oper-
ate in several frequency bands from
330 megabertz (90-centimeler wave-
length) to 23 gigahertz (1.3-centime-
ter wavelength). The via yields high-

enormous antenna. This technique is
called very-long-baseline interfecrom-
etry {vLy), and it has been exploited
with great success since the 1960's
[see “Radio Astronomy by Very
Long-Bascline Interferometry,” by
Anthony C. S. Readhecad: SCIENTIFIC
AMURICAN, June, 1982]. Every few
months radio observatories around

lengths. Moreover, the bascline ori- sensitivity images with a resolution  the globe, mainly in the US. and Eu- =
entations must be carcfully distribut-  as good as a tenth of an arc-second, rope but including at times anicnnas
ed in order 1o obtain good two-di- and the image quality equals or sur- in Australia, Brazil, Canada, China, In-
mensional Images. The rotation of passes that of the best ground-based  dia, Japan, South Africa and the Sovi-
the earth itself causes foreshortening  optical telescopes. With the via as- et Union, coordinate their schedules e
and reorientation of a baseline in re-  tronomers have oblained radio im- to track sclected objects. Tapes re-
lation to the source, so thata seriesof  apes of such objects as sunspols, the corded at cach of the antennas arc
observations over a period of time rings of Saturn, dark clouds in our then replayed at one of three proc- -
has the effect of adding more base- galaxy and the mystcrious energet-  essing locations: the Max Planck In-
lines to the array, ic jels emanating from quasars and stitute for Radio Astronomy in Bonn,

The most powerful radio telescope  from the center of radio galaxies, the National Radio Astronomy Obser-
operating today, the Very Large Ar- But many cosmic radio sources, vatory in Charlottesville, Va., and the ..
ray (viA), is a giant Y-shaped array such as the enigmatic quasars, are California Institute of Technology. As )
spread out on a high desert platcau much ico small to be resolved even  many as 18 antennas have taken part
in central New Mexico. It consists of  with the via, They can be studied in this viBi system to obtain remark-

27 fully steerable parabolic antennas only by extending the antenna spac- able images of quasars, active galac- .t
distributed along the three arms of ings to thousands of kilometers. lic nuclel, cosmic masers and other
the Y. A 21-kilometer railroad track  Because of the distances involved, compactradio sources. "
runs along cach arm with fixed sta- the antennas cannot be physically
tions along the way that provide Interconnected. Instead signals re- Details of the visA .
bases for the antennas. The antennas  ceived at each antenna arc record- '
are connected by buried waveguides ed on magnetic tapcs, which are This ad hoc vLB! system none-
1o a central facility where the incom-  transported to a central laboratory theless leaves much to be desired,
ing signals are combined to produce and there replayed simultaneously It is not easy 1o arrange for a suffi- .
the interference fringes. The nine an-  to simulate the resolution of a single  clent amount of coordinated observ-
L]
P
t
L
| e
VERY-LONG-BASELINE ARRAY (visa) of 10 radio antennas will  ces, and the data will he correlated at a central Facility to gener- i
extend 8,000 kilometers across the US, and have a resolution  ate interference patterns from which images can be obtained. 1

The Y-shaped symbal marks the location of the Very Large Array
{vLA), which will provide additional data to supplement the visa.

comparable to that of a single antenna nearly as wide as the
carth. Each antenna will record radio signals from cosmic sour-
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ing time, and individual antennas are
not properly sited to give good image
quality. Moreover, the antennas vary
in accuracy and sensitivity. In order
to exploit the vl technique better,
the National Radio Astronomy Obser-
vatory, with funds from the National
Science Foundation, began in 1985 10
construct the VLA, a dedicated vibl
network of {0 antennas. Each anten-
na will be 25 meters in diameter and
designed to operate at wavelengths
as short as 3.5 millimeters. The an-
tennas will be at sites throughout the
U.S. chosen so that the distribution of
baselines will provide good image

quality. Other important objectives
in the choice of antenna sites were to
avold strong manmade radio signals,
to minimize atmospheric water va-
por, to be near major transportation
centers and to have access to local
technical support. Five of the anten-
nas wlll be at high elevations in the
relatively dry, cloudless southwest-
ern states.

Each antenna will be controlled
through a local computer that will
recelve Instructions over telephone
lines from the vLea Operations Cen-
ter in Socorro, NM. The array will
follow a planned program under

WAVELENGTH (CENTIMETERS)

the control of a central computer that
will monitor the antennas and receiv-
ers as well as weather conditions at
each site. An array-control operator
will be able to make changes on short
notice if there Is an unexpected cos-
mic event, such as a supernova. The
operator will also be able to inter-
vene when necessary, for example if
there are technical problems or poor
atmospheric conditions. For special
experiments requiring even better
images It will be possible to inciude
data from as many as 10 other radio
telescopes around the world.

At the present time the first VLBA
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RESOLUTION OF RADIO TELESCOPES is plotted against the
frequency of observed radio emissions for various antennas
and arrays. The larger the effective aperiure, the finer the reso-
lution {measured by the angle subtended by the smallest distin-
gulshable feature). The graph also tndicates the angular size of
various types of astronomical radio sources. The Bonn telescope
is a single, 100-meter antenna. The Very Large Array (vViA) con-
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sists of 27 movable antennas physicatly linked by waveguide,
MERLIN, operated by the Nuffield Radio Astronomy Laboratorles
in England, is a seven-antenna array extending over 200 kilome-
ters and linked by microwave transmission. The ViBA, with a
maximum baseline of 8,000 kilometers, will use recorded data.
Quasat and Radioastron orbiting telescopes will employ both
microwave links and recordings to extend baselines into space.



antenna, in Pie Town, N.M., is coming
into operation, and five others are
in various stages of construction.
The Full visa should be completed
by 1992. By the mid-1990's astrono-
mers hope to sce the first antenna for
radio interferometry launched into
space. The vi.sa will at that time pro-
vide ground-bascd observations 1o
be combined with the dawa gathered
from space. The vioa, then, is not
only a major advance in high-resolu-
tion astronomy but also a step to-
ward the even more powerful space-
based arrays of the future.

Clocks and Recorders

Fifty years of innovations, [rom hy-
drogen-maser clocks to home video-
cassette recorders, huve contributed
to the technologies that make the
viBA possible. The highly accurate
clocks are needed to synchronize the
data from the antennas; the mag-
netic-tape recorders store the huge
volumes of data collected at each
antenna. The radio receivers at each
antenna will be among the most
sensitlve available. Most of the re-
cetvers will have transistor preampli-
fiers that wiil be cooled to 15 degrees
Kelvin (degrees Celslus above ab-
solute zero) to minimize nolse in
the Instruments. Each antenna will
be equipped to cover nine separate
bands in the frequency rarnge from
330 megahertz {90-centimeter wave-
length) to 43 glgahertz (seven-milli-
meter wavelength). In the future the
frequency range may be extended
to 86 gigahertz (3.5-millimeter wave-
length), which approaches the opera-
tlonal limit of the antennas.

In order for the visi technique to
work there must be an accurate clock
at each antenna so that the data can
be synchronized. In addition, be-
cause the data are converted into a
lower frequency, there must be an
extremely stable frequency standard
so that the phase of the signal is pre-
served. Both functions will be carried
out in the viBA by a hydrogen-maser
clock, which bases its time standard
on a characteristic frequency of the
hydrogen atom. (Maser stands for mi-
crowave amplification by stimulat-
ed emission of radiation—the micro-
wave counterpart of the laser.) The
clock’s frequency is stable to a few
parts in 10'® for periods of up to an
hour. This means that at the VLBA'S
highest frequency of 43 gigahertz
the data from separate antennas can
be synchronized over a time interval
of about half an hour before the rela-
tive phases drift by an appreciable

amount. it is therefore possibie to
condense half-hour segments of data
by taking the average and thus to
greatly reduce the amount of compu-
tation needed to obtain an image.

vt signals are recorded digitaily
on magnetic tape. The timing of indi-
vidual samples is controlled by the
maser clock and is not affected by
mechanical factors such as the accu-
racy of the tape specd. When the first
VLI system went into operation in
the carly 1960's, conventional com-
puter tapes were used and the re-
corded data rate was limited to a few
hundred kilobits per second. Today
modified home videocassette record-
ers arc employed to record digital
samples of the signal at a rate of four
megablts per second. This system,
called Mark 1, provides four hours
of uninterrupted recording at a two-
megahertz signal bandwidth on asin-
gle cassette. More than 25 radio tele-
scopes around the world have re-
cording systems of this type. The
newer Mark 11l recording system de-
veloped at the Massachusetts Insi-
wte of Technology's Haystack Ob-
servatory, largely under the sponsor-
ship of the National Aeronautlcs and
Space Administration, uses a reel-to-
reel instrumentation recorder to ob-
tain data rates of up to 224 megabits
per second. This recorder provides
for signal bandwidths of 112 mega-
hertz, but it consumes a full 10,000-
foot reel of tape every six minutes.

The VLBA requires bandwidths of
at least 100 megahertz in order to
be sensitive to weak celestial radio
sources, but this must be balanced
against a need to hold down the vol-
ume of tape. The Haystack Observa-
tory has devised a new system for
the vipA that has 512 tracks and will
be able to handle 256 megabits per
second while using up tape more
slowly than Mark 1li. A single 16-inch
reel holding eight kilometers of tape
will last for more than 12 hours and
store about seven trillion bits of
data—enough to contain the informa-
tion found in 1,000 years' worth of Is-
sues ofa major daily newspaper.

Two reels of tape will normally be
recorded every day at each of the an-
tennas and flown to the visa Oper-
ations Center, where they will be
played back and the data combined
with data from the other antennas.
Up to 20 tapes can be played back si-
multancously, so that non-vLBA radio
telescopes can also contribute data
1o enhance the sensitivity and reso-
lution of the vLBA, Even with many
baselines the data will contain gaps,
which can cause spurious features,
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called sidelobes, to show up in the
computed image. These sidelobes,
however, are well understood and
can generally be removed from the
imape by means ofa well-tested com-
puter algorithm. More serious errors
can be caused by unpredictable ef
fects In the carth’s atmosphere, but
practical algorithms exist for han-
dling these as well.

Jets and Stellar Evolution

The visa will give high-quality ra-
dio images with a resolution of a few
ten-thousandths of an arc-second,
which is equivalent to the angle sub-
tended by a pea in San Francisco as
scen from New York. On an astro-
nomical scale this corresponds to an
ability to detect features with diame-
ters as small as 100 million miles any-
where in our galaxy or as small as a
few light-years even in the remotest
parts of the cosmos. High on the list
of targets will be the cores of galaxies
and quasars, the most powerful ob-
Jects known in the universe.

The ad hoc vLBl networks have
already enabled radio astronomers
to glimpse the inner regions of qua-
sars and actlve galactic nuclei, where
plasma is expelled in narrow Jets,
These violently energetic events are
among the most perplexing prob-
lems in astronomy today. The blobs
of plasma are ejected at velocities
close to the speed of light and cre-
ate several remarkable relativistic ef-
fects. First, the radiation becomes
focused Into a narrow beam along
the divection of motion. If the object
is moving close to the line of sight
and toward the observer, a reatively
weak galactic nucleus may appear to
be as bright as a quasar. There is con-
siderable debate among astronomers
over whether the intense luminosity
of quasars results from this effect.

An even more remarkable conse-
quence of relativistic motion Is the il-
lusion that the plasma blobs are mov-
ing faster than the speed oflight. This
arises because the ohject is mov-
ing toward the observer so fast that it
nearly keeps up with its own radia-
tion. If the object travels for many
hundreds of years, radiation emitted
at intervals of hundreds of years will
reach the observer only a few years
apart. As seen from the earth, the
path of travel can be forcshortened
and appear to be tens of light-years,
giving rise to the illusion that the ob-
ject hastraveled tens of light-years in
only a few years. The phenomenon is
called superluminal motion and of-

ten occurs when a radiating plasma

-
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blob is ejected from the nucleus of a
quasar. These ejections seem to take
place every few years, and Itis spec-
ulated that the engine driving the ac
tivity is a massive black hole. The
viia's resolution will enable astron-
omers to understand in greater de-

tail the processes generating the jets.

Closer to home, astronomers are
studying objects in our own galaxy
in an attempt to understand the life
cycle of stars—how they are born
and how they die. Here too the viia
can probe radio phenomena associ-

ated with stellar activity that cannot
be resolved with conventional radio
telescopes. OF particuliy Interest is
the intense microwave radiation
from cosmic hydroxyl (OH).and wa-
ter-vapor masers that are found in
the gaseous envelopes of very young
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VERY-LONG-BASELINE INTERFEROMETRY (viLu1) makes use of
widely spaced antennas to observe cosmic radio sources. A hy-
drogen-maser clack at each antenna synchronizes the observa.
tions and provides a frequency standard so that phase relations

will be preserved when the data are recerded on magnetic tape.
The recordings are taken to a central facility and replayed into
the correlator, which combines the signals, The resulting in-
terference pattern yields an image by Fourier transformation.

IN PHASE

o AEI

THE EARTH'S ROTATION causes a pair of radio-interferometer
antennas to oscillate between being in phase and out of phase
with cach other. The amount of rotation needed to change the
phase relations depends bothon the wavelength of the observed

P
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radio waves and on the distance separating the antennas: the
shorter the wavelength or the greater the antenna separation,
the less rotation required. This in turn determines the amount of
detail that the pair of antennas can resolve as they scan the sky.



ohars oy well as o e dusty clowds
aronnd aging red prants,

I hese cosmic masers, ameng the
Drightest microwaye sonroes in the
sk, emit radation when clotilds ol
Bvedross bradic als or water moleciles
are stimnlated o deap fronm o ugh
crerpy stale Il a o er e, The o
cesy enerpy is geleased as intease
patrosn hatel poerossane sipiatls Al
chapi tersne swaseleppths near 18
contneters tor the hvdrosy L radic M
aned 14 centmeters lar wider, Maser
sourees often conlivin many separate
heaght spors whose velocities can he
determined by the Doppler sinlis ol

their cadiation. The vy images of

maser motions should reveal much
aboul the dynames of the turbufent
clouds, sueh as whether they are ro-
tating or are vng apart i the alter-
math ol i eosane explesion,

Phe hydroay] maser nun alse acl
a5 a0 sensiive prabe of magnetic
telds in the maser coud. Magnetic
livlds create small differences in the
energy evels ol the hvdronyt radi-
cal. The emitted raduition s splitinto
paiirs of spectral lines whose wave:-
lengihs are shightiy ditlerent, a phe-
nomenon called the Zeeman ellect,
High-resolution observations of 1he
splitting can reveal details of the
magnetic field in three dimensions
throuphout the maser cload aml s
mathe it possible lor astropomers o
study the rale ol magnetic helds
causstig clouds o collapse andd lann
embryonic stars,

Measuring Cosmic Distances

The viga will also he able 1o vield
the most accurate measurements vet
of cosmic distances, a prablem ol
fundamental imporfance inoastron-
omy. Ap acourate scale of the uni-
verse is vital to any understand-
ing of its 1otal mass and enerpy and
of {ts past and luture evolution, and
vel the overall scale ol the uni-
verse is upcertiin by @ lactor ol twa,
High-resolution instruments provide
a way 1o determine distance direct:
Jv, For example, in the case ol & su-
pernova remnam that is assumed
tn he expanding evenly in ali direc-
tions, the velocity of the expansian
cin he measured by the Dopplershitt
in its radiation, 1hen, by camparing,
the velocity with abseryations ol the
elansging diametor, one can inter the
distanee, Thewechnmgpe waas red ently
applicd by an international leam ot
richio asironomers o determine the
distance 1o @ Supernovi that e
curred in the Virgo cluster in 1979,
Vi observations gase an angular

'y
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LADIO GALANY 3C 120 hatll & hillion light-years away, reveals more detail as the reso.
tution of 1he inee improves, Fhe top image, made v the viaat 1.66GT megahertz, hasa

pesalution of nine seconds ol areon the middle image, wade at 15 wahertz with the
Arravis arms ealended o the (ulh 21 kilometers, the viaresolves Leattines as saallas 15
are-second and shows i mrrow jet curving awav from the active nucleus, The betom
fmane, obtained by an Tantenna VIR oliservation made at five gigahertz, roveals de-
tavils ars somallas Q01 aressecond. 1 he Vit ohservations measured the apparent super-
Luminad motion of plisna hlobs inthe jetas being aboul seven times the speed ol Tight,
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expansion rate of about 003 arce-sec-
ond per year. Optical and uliraviolet
spectra indicated that the supernova
is expanding at 11,000 kilometers per
second, which corresponds to 003
arc-second per year at a distance af
about G0 light-yeitrs. So far the tech-

nique is about 35 percent accurale,
but the viBA is expected to improve
the performance signilicantly.

vl has also provided achaghly pre-
cise measurement ol the relativistic
bending of radio waves by the gravi-
tational field of the sun. Orniginally

POWLERTUL ENERGY SOURCE inside quasar 3C 380 appears in this vou image as a

bright spot less than 10 light-years wide.

1t is thought the intense enurpy Gin be gen-

erited only by a hlack hole, The visa will be abte to reveal details of such processes,

INTENSE RADIO QU TBURST in binary star UX Arietis was recorded in July, 1983, The
itnage, made by a six-antenng Vin system operating at five gigahertz, is barely able to
distinguish the two parts of the hinary. The radio emissions are thought to be generat-
ed by relativistic clectrons accelerated in the stars’ magnetic field, The visa will beable

10 observe the phenomenon in greater det

ail throughout the orbitad cycle ol the binary.
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praposed as one ot the three classical
tests of general relativity, the eifect
was confirmed in a landmark experi-
ment in 1919, when stars observed
during a total solar eclipse appeared
10 be dellected by the p,ru\'ituliunul
field ol the sun. The optical observa:
tiuns, however, have been plagued
by the dilticulties of carrying out ex-
periments in remote corners of the
globe during the few minutes whena
solar eclipse darkens the sky. kRadio
waves, on the other hand, can be ob-
served at any time. Using data col-
lected by itwo VLU projects, POLAR:
15 (Polar-Motion Analysis by Radio
Inmerferometer Surveying) and (R18
(International Radio Interferometric
surveying), investigators al the U.S.
National Geodetic Survey have meas-
ured relativistic bending over almost
the entire sky. Thousands ol obser-
vations over several years confirm
the accuracy of theoretical predic-
tions o 2 lew tenths of a percent,

Measuring the Earth

Although it was conceived as an as-
tronomical oo, the vipa will be em-
ployed 1o study a variety of impor-
fant terrestivial phenonmena as well,
such as plate-ted tome molion, 1oLt
tion of the carth and distortions in
the solid earth caused by tidal forces.
‘Phese geodetic applications are pos-
sible because the response of the ra-
dio interferometer depends not only
on the source under observation but
also on the carth's rotation and the
length and position of the bhaseline
separating & pair of antennas. The
technique is based on repeated ob-
servations of reference sources, such
as quasars, so distant that they can
be treated as fixed points in the sky.
Changes in the carth’s shape or rota-
tion ajter the results from one obser-
vation to the next [see “Studying the
Earth by Very-Long-Baseline Interfer-
ometry,” by william E. Carter and
Douglas  $. Raberson; SCENTIIC
AMERICAN, November, 19861

With geodetic VLBI iU 1S possible 10
determine the distance between two
widely separated antennas with a
precision somewhat betler than the
wavelengih at which the observation
is made. viil can thercfore detect
changes in the carth’s dimensions of
Jess than one centimeter. The Jet
Propulsion Laboratory’'s Project ARILS
{Astronomical Radio Interferomuter
Earth Surveying) is making extensive
measurements in an clfort 1o relate
the incidence of earthquakes to small
shifts across fault lines, Not surpris-
ingly, earthquake-plagued countries



such as China, Italy and Japan have
shown great interest in geodetic vin
and have already built radio tele-
scopes dedicated to fault-line meas-
urements. Because vial fringe oscilla-
tions are caused by the rotation of
the carth, peondetic observations can
measure the carth’s rate of rotation
in units ol time provided by the ma-
ser clocks. The length of the day has
thus been measured to an accuracy
of atenth of a millisecond, and the lo-
calion of the carth's spin axis has
heen pinpointed to within a few 1ens
of centimeters on the carth's surface,

To make the geodetic measure-
ments, one needs to disentangle the
teerestrial ellects Irom the astronomi-
cal data. This is a complex problem
and is made more difficult by the
fuciualions in the radio sources, the
unpredictable effects of the carth's
atmosphere and ionosphere on the
radio signals, the slow drift of the
atomic clocks at the varfous stations
and even the relativistic bending of
radio waves by the sun. In order
to refine the important geodetic and
geophysical parameters, radio tele-
scopes throughout the world have
combined forces under the aegis of
NASA's Crustal Dynamics Project and
the POLARIS and hus projects men-
tioned above. With the vLga it will be
possible to obtain accurate images of
the cosmic radio sources that pro-
vide the geodetic reference points. At
the same time the visa will provide
regular observations to supplement
and extend the geodelic VLBl net-
works already in operation,

VLBI in Space

Still another application of the ver-
satile viBA will be in interplanetary
navigation. vLm networks demon-
strated this capability with spectacu-
lar success during the recent Soviet
Vega mission to Venus and Halley's
comet. In the largest international
VLBl venture yet organized, a net-
work of 20 antennas around the
world tracked the two spacecraft de-
ployed in the mission. Each of the
spacecraft, which reached Venus In
June of 1985, released a balloon car-
rying a 1.7-gigahertz transmitter into
the planet's forbidding atmosphere.
The viLi network tracked the bal-
loons as they were bulfeted by the
Venusian winds and measured gales
of up to 140 miles per hour.

Following the encounter with Ve-
nus, the two spacecrall continued an
to rendezvous wilh Halley's comet
on March 6 and 9, 19806, a week be-
fore the scheduled flyby of the Eu-

ORBITING RADIO TELESCOPES will extend interferometer baselines inta space, Dur-
ingg the 1990°s the US. and Curope plan to Guimch Qoasat into orbit three carth-dianse-
ters away, and the Soviet Union plans an even higher orbit for its Radivastron sarellite,

ropean Giollo spacecraft, European
Space Agency scientists hoped to
steer Giotto to the sunny side of the
comel in order (o take pictures, but
because they could not be sure of the
comet's precise location, there was a
reat danger that their cameras would
end up on the dark side. Optical im-
ages of the comet made by Vega,
combined with visi data on the
spacecralt positions, enabled the Eu-
ropeans to make last-minute correc-
tions to Giotto's trajectory and bring
it to within a few hundred miles of
the sunlit side of the icy core. There
Glotto's cameras were able to make
spectacular photographs of Halley's
comet on March 14, during its closest
approach, just before communica-
tions with the spacecraft were cur off
by collisions with the comet’s debris.

Even when the vLBA is used in con-
junction with other radio telescopes
around the world, its resolution will
ultimately be limited by the size of
the carth. To achieve higher reso-
lution the basclines will have to be
extended into space, perhaps to the
moonh or even to the planels. Space-
based vLst will present a challenge to
engineers, who must devejop large,
precise antennas and sensitive radio
receivers that can operale upattend-
ed in the harsh space environment.
The feasibility of space viBl has al-
ready been demonstrated by a tcam
ol American, Australian and Jap-
anese scientists, who employed a
small antenna aboard a NasA satellite
as one elemuent of an carth-space VIR
system.

Plans for dedicated vim satellites
are already being discussed in the
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U.5.. Western Europe, Japan and the
Soviet Union. It has been proposed
that NAsSA and the European Space
Agency jointly launch a satellite to be
called Quasat, which would carry a
10-to-15-meter antenna into earth
orbit by the middle of the next dee-
ade. Recent setbacks ta the NASA
space-science program have made
U.5. panticipation in this project un-
ceriain. The Soviet Union has also an-
nounced a space VLBl program and
expects to launch two or three Radio-
astron satellites in orbits of up to 75.-
000 kilometers. European and Ameri-
can scientists have been invited to
take part, but the U.S. Government's
reluctance to share advanced space
technology with the Soviet Union
may limit U.S. involvement.

In the more distant future, some So-
viet scientists envision building giant
antennas, each as much as several
kilometers across, to be placed in or-
bit around the sun. This array would
provide baselines up to several hun-
dred mililon miles long and an angu-
lar resolution that could be better
than a millionth of an arc-second. A
radio telescope of such power would
open up a new frontier of astronomy.
In theory it would enable scientists to
observe *sunspots” on other stars in
our galaxy and to resolve features in
neighboring galaxies comparable 10
the supposed size of black holes. Fas-
cinating as it is 10 speculite about the
future, there remain many uncertain-
tics about the feasibility and effec-
tiveness of such an array. These is.
sucs should become clearer as we
gain experience with the viga and
earth-orbiting antennas.
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THE RESPONSE OF THE VERY LONG BASELINE ARRAY

TO INTERFERING SIGNALS

Patrick C. Crane

11 September 1985

I. Introduction

Radio astronomy studies the nature of the Universe, based upon the reception of
radio waves of cosmic origin. These cosmic emissions constitute the "cosmic
background noise’ of communications engineering. The emissions are random,
noise-like signals that are indistinquishable from the noise generated in the
receivers or from the Earth and its atmosphere. Furthermore, the intensity of
cosmic radiation is usually much weaker than that of the noise (the weakest
cosmic signal detected is about =234 dBW/mz.)

]

The National Radio Astronomy Observatory began construction of a new radio

telescope, the Very Long Baseline Array (VLBA), in May 1985; construction should

be completed by 1992. The characteristics of the VLBA have been described by

Kellermann and Thompson (1985). Like any other radic telescope the VLBA will be

sensitive to radio interference but several features of its design will greatly
reduce its sensitivity to such interfering signals.

In the following sections I will summarize the responses of a single antenna
and an aperture-synthesis radio telescope to interfering signals, followed by

.a discussion of the response of the Very Long Baseline Array.

II. A single antenna

The harmful interference level for observations with a single antenna has been
analyzed in CCIR Report 224-5: The harmful interference level is that level of
interference which equals 0.1 of the rms noise level which sets the fundamental
limit of the data. For a total-power receiver the harmful interference level
is given by

where f is the observing frequency; k, Boltzman's constant; Tg, the system
temperature; B, the observing bandwidth; c, the speed of light; Gs, the gain,
with respect to an isotropic antenna, of the antenna in the direction of
arrival of the interfering signal; and t, the total integration time. As
derived in the report, the harmful interference levels, for continuum
observations with modern receivers and an integration time of 2000 seconds,
range between -202 and -114 dBW/m? at 20 MHz and 235 GHz, respectively,

III. An aperture-synthesis radio telescope

As discussed by Thompson (1982a), two effects reduce the sensitivity to
interfering signals of an aperture-synthesis radio telescope:
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The first is an averaging effect that applies to any interfering signal. The
motion of an astronomical source across the sky results in changes in the
relative phases of the signals received at the antennas, so that if the signals
from any pair of antennas are multiplied together, the output voltage will vary
quasi-sinusoidally with time. The frequency of the output signal is called the
natural fringe frequency and depends upon the spacing of the antennas and the
position of the radio source on the sky (it ranges between a few milliHertz and
tens of Hertz for existing radio telescopes.) On the other hand, a terrestrial
source of interference is fixed with respect to the earth, and the
corresponding output voltage will be constant. If the data are averaged for a
time T, the interfering signal will be reduced by a factor of sinc(ffT), where
f is the natural fringe frequency. Thompson's complete analysis includes the
variations with the position of the source and the spacings of the antennas,
and the harmful interference level for a twelve-hour observation time is given

by
0.41£2 KTy [2e0,B

where Wp is the angular rotation velocity of the earth and L is a measure of
the physical size of the array.

The second effect mentioned above reduces the sensitivity of an aperture-
synthesis radio telescope to broadband interfering signals. Because the
signals from cosmic radio sources have the characteristics of broadband noise,
such a telescope introduces computer-controlled delays to equalize the time
delays from the source through the antennas to the multipliers and to maintain
the coherence of the signals. For broadband interference entering the antenna
sidelotes, the delays will generally differ from those of the cosmic signal,
and the interfering signal will be decorrelated by an amount given by
sinc(fBty), where tg is the delay inequality. The maximum delay inequality is
given by twice the delay corresponding to the maximum baseline. Obviously, for
an interfering signal arriving from the same general direction as the cosmic
signal, the delay inequality may be near zZero. The decorrelation factor is not
amenable to & general analysis, but will vary significantly with bandwidth,
declination of the radio source, and the configuration.

IV. The Very Long Baseline Array

The Very Long Baseline Array (VLBA) will be much less sensitive to interfering
signals than any other radio telescope, primarily because of its vastly greater
geographical scale: Because the antenna spacings in the VLBA range between 200
and 8000 km (L is about 3950 km), the natural fringe frequencies are much
greater (of the order of kiloHertz) than for other aperture-synthesis radio
telescopes, and the averaging effect reduces the sensitivity to interfering
signals by about & factor of 10,000 over a single antenna. Also the delay
inequalies and the decorrelation factor are corresponding greater. Finally,
except for an interfering signal originating from a satellite, such a signal is
unlikely to be present at a harmful level at more than one antenna.

More significant for the VLBA will be the degradation of its performance by the
addition of uncorrelated power at the individual antennas which effectively
increases the noise level. The harmful level for such interference is estimated
to be one percent of the system noise level (Thompson 1982b}, or
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0.04IE KT, B

At much higher levels interfering signals occurring anywhere within the passband
of the front-end receiver will cause gain compression and other nonlinear
behavior. The harmful levels for such interference depend upon the design of
the receiver but can be estimated for each observing band.

Table 1 presents the harmful interference levels for the thirteen observing
bands planned for the VLBA, which were calculated for a Gs of 1 and bandwidths
of 8 MHz (1.6 MHz at 75 MHz). The estimates of the interference levels that
will cause one-percent gain compression are from Thompson and Schlecht (1985).
We see that the averaging effect increases the harmful interference levels of
the VLBA to values comparable to those which will increase the system noise
level by one percent. The 70-dB differences between the interference levels
adding one percent to the System noise level and causing one-percent gain
compression allow considera@le léeway for processing at the IF.

V. Conclusions

The Very Long Baseline Array is far less sensitive to interfering signals than ;
any other radio telescope. The sites of the VLBA antennas have been selected, :
furthermore, to minimize the potential for terrestrial sources of interference,

but the VLBA will be particularly susceptible to interfering signals from air-

and satellite-borne transmitters. A transmitter in geostationary orbit,

isotropically broadcasting one watt, produces a signal level of -162 dBW/m% at

the earth's surface. Allowing for a more powerful transmitter or more antenna ;
- gain at the receiver or transmitter, we see that such a transmitter could ' i
easily interfere with the VIBA. !

Table 2 lists the VLBA observing bands and the adjacent and overlapping U.S.
frequency allocations (international and U.S. footnotes are noted in
parentheses when appropriate.) Most of the allocations for radio astronomy are
adjacent to or share allocations for aeronautical radionavigation,
mobile-satellite, radionavigation-satel1ite, meteorological-satellite, and
broadcasting-satellite. Radio astronomers have already encountered problems

with the U.S. Global Positioning System and the corresponding Soviet GLONASS ‘
system,
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TABLE 1. VLBA OBSERVING BANDS AND HARMFUL INTERFERENCE LEVELS

o A P A W D D dm Sk S A ek R P A A D B D T D A A R W G P N S e e e A D D D L A D A U AR S R D En e e e T e B e b R S R

FREQUENCY EFFICIENCY TSYS RECEIVER 10% NOISE 1% SYSTEM 1% GAIN

S ——

(MHz) (X) (dBW/w®)  (dBW/m®)  (dBW/m®)
73.0- 746  0.50 1000 GASFET 168 =158
312.0- 342.0  0.50 126 GAsFET -157 -147 -72
580.0- 640.0  0.49 84 GASFET -152 -143 -67
1350.0- 1750.0  0.67 28 Cooled GASFET -150 -140 ~59
2150.0- 2350.0  0.71 33 Cooled GASFET -142 -136 “55
4600.0~ 5100.0 . 0.73 35 Cooled HEMT -134 -129 -49
5900.0- 6400.0  0.72 38 Cooled HEMT -131 -127 47
8000.0- 8800.0  0.72 49 Cooled HEMT ~126 -123 VA
10200.0-11200.0  0.71 48 Cooled HEMT -124 -121 42
14400.0-15400.0  0.70 54 Cooled HEMT 119 -117 -39
21700.0-24100.0 - 0.65 70 Cooled HEMT 114 -113 -35
42300.0-43500.0  0.64 75 Cooled SIS -107 -107 -30
86000.0-92000.0  0.42 300 Cooled SIS -93 . ~94
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{Accessible Band)
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312.0-

580.0-

1350.0-
(1300.0-

74.6 MHz

342.0 Mz

640.0 MHz

1750.0 MHz
1800.0)

54.0-
72.0-
73.0-
74.6-
74.8~
75.2-
76.0-

225.,0-
322.0-
328.6-
335.4-

512.0-
608.0-
614.0-

1240.0-
1300.0-
1330.0-
1350.0~
1400.0-

1427.0~

1429.0-
1435.0-
1530.0-
1544 .0~
1545.0-
1559.0~

1610.0-
1610.6~-
1626.5-
1645.5~
16065~
1660.0-
1660.5~
1668.4~

1670.0-

1690.0-
1700.0~

1710.0-

72.0
73.0
74.6
74.8
75.2
76.0
108.0

328.6
328.6
335.4
399.9

608.0
614.0
806.0

1300.0
1350.0
1400.0
1400.0
1427.0

1429.0

1435.0
1530.0
1544 .0
1545.0
1559.0
1610.0

1626.5
1613.8
1645.5
1646.5
1660.0
1660.5
1668 .4
1670.0

1690.0

1700.0
1710.0

1850.0

MHz
MHz
MHz
MH=z
MHz
MHz
MHz

MHz
MHz
MHz
MHz

MHz
MHz
MHz

MHz
MHz
MHz
MHz
MHz

MHz

MHz
MHz
MHz
Milz
MHz
MH=z

MHz
MHz
MHz
MHz

Milz
MHz

Mliz
MH=z

MH=z

MH=z
MH=z

MHz
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TABLE 2. VLBA OBSERVING BANDS AND U.S. FREQUENCY ALLOCATIONS

- i dr ey ow e o v b e D deb A A AP R MY AR AR R e e M e G e e G0 ED SR SR v e ek e G W SR M YR SE NS m A6 BB M SR TR D SE S U MR S A N W A SN MDY R T

Broadcasting

Fixed, Mobile

RADIO ASTRONOMY

Fixed, Mobile

Aeronautical Radionavigation
Fixed, Mobile

Broadcasting

Fixed, Mobile

Radio Astronomy ([644)
Aeronagutical Radionavigation
Fixed, Mobile

Broadcasting
RADIO ASTRONOMY
Broadcasting

Radiolocation

Aeronautical Radionavigation
Radio Astronomy (718)
Radiolocation

RADIO ASTRONOMY

Earth Exploration-Satellite (1)

Space Research (1)
Fixed, Mobile (6)
Space Operation (2)
Fixed, Mobile
Mobile (7)

Maritime Mobile-Satellite (3)

Mobile-Satellita (3)

Aeronautical Mobile-Satellite (3)

Aeronautical Radicnavigation

Radionavigation-Satellite (3)

Aeronautical Radionavigation
Radio Astronomy (734)

Maritime Mobile-Satellite (2)

Mobile-Satellite (2)

AvronanLical Mobile-Satelllite (2)

RADIO ASTRONOMY

Aercnautical Mobile-Satellite

RADIO ASTRONOMY

Space Research (1)

RADIO ASTRONOMY
Meteorological Aids
Meteorological Aids
Meteorological-Satellite (3)
Radio Astronomy (US211)
Meteorological Aids
Meteorological-Satellite (3)
Fixed
Meteorological-Satellite (3)
Fixed, Mobile
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2150.0- 2350.0 MHz
(2100.0- 2600.0)

4600.0- 5100.0 MHz

5900.0- 6400.0 MHz

8000.0~ 8800.0 MHz
(7900.0- 8900.0)

1718.6-

1990.0-
2110.,0-
2200.0-

2290.0-

2300.0-
2310.0-
2390.0-
2450.0~
2500.0~

2655,0~

2690.0-

4400.0-
4500.0-

4800.0-
4825.0-
4950.0-
4990.0-
5000.0-

5850.0-

5925.0-

7750.0-~
7900.0-

8025.0-

8175.0-

8215.0-

8400.0-
8450.0-

8500.0-

1722.2
2110.0
2200.0
2290.0
2300.0
2310.0
2390.0
2450.0

2500.0
2655.0

2690.0

2700.0

4500.0
4800.0

4990.0
4835.0
4990.0
5000.0
5250.0
5925.0
6425.0
7900.0
8025.0

8175.0

8215.0

8400.0

8450.0
8500.0

9000.0

10200.0-11200.0 MHz 9500.0-10550.0

10550.0-10600.0

MHz
MHz
MHz
MHz
MHz
MHz
Miz
MHz

MH=z
MHz

MH=z

MHz

MHz
MHz

MHz

-MHz

MHz
MHz
M=z
MH=z
MH=z
MHz
MHz

MHz

Mz

MHz

MHz
MH=z
MHz

MHz
MHz
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Radio Astronomy (US256)

Fixed, Mobile

Fixed

Fixed (8), Mobile (8)
Space Research (3,4)
Space Research (3,5)
Fixed, Mobile (6)
Radiolocation
Radiolocation, Mobile
Radiolocation

Fixed, Mobile
Broadcasting~Satellite
Fixed

Radio Astronomy (Us269)
Broadcasting-Satellite
Fixed

Radio Astronomy

RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)

Fixed, Mobile

Fixed, Mobile
Fixed-Satellite (3)

Fixed, Mobile

Radio Astroncmy (US203,778)
Radio Astronomy (Us257)
RADIO ASTRONOMY

Aeronautical Radionavigation
Radio Astronomy (us211)

Radiolocation
Fixed-Satellite (2)
Fixed .
Fixed-Satellite (2)

Fixed
Fixed-Satellite (2)
Mobile-Satellite (2)

Earth Exploration-Satellite (3)
Fixed '
Fixed-Satellite (2)

Earth Exploration-Satellite (3)
Fixed

Fixed-Satellite (2)
Meteorological Satellite (2)
Earth Exploration-Satellite (3)
Fixed :
Fixed-Satellite (2)

Fixed

Space Research (3,5)

Fixed ,

Space Research (3)
Radiolocation

Radiolecation
Fixed
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14400.0-15400.0 MHz

21700,0-24100.0 MHz
(20000.0-26300.0)

10600.0-10680.0

10680.0-10700.0

10700.0-11700.0

14200.0-14500.0
14470.0-14500.0
14500.0-14714.5
14714.5-15136.5
15136.5-15350.0

15350.0-~15400.0
15400.0-15700.0

19700.0-20200.0
20200.0-21200.0
21200.0-21400.0
21400.0~22000.0
22000.0-22210.0

22010,0-22210.0
22210.0-22500.0

22500.0-22550.0
22550.0-23000.0

22810.0-22860.0
23000.0-23550.0

23070.0-23120.0
23550.0-23600.0
23600.,0-24000.0

24000.0-24050.0

24050.0-24250.0
24250.0-25250.0
25250.0-27000.0

MHz

MHz

MHz

MH=z
MHz
MHz
MHz
MH=z

MHz

MHz

MHz
Mz
MH=
MHz
MHz

MHz
MHz

MHz

MHz

MHz
MH=z

MHz
MHz
MHz

MHz

MH=z
MH=z
MHz
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Earth Exploration-Satellite (1)
Fixed

Space Research (1)

Radio Astronomy (US277)

RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)

Fixed

Fixed-Satellite (3)

Radio Astronomy (US211)

Fixed-Satellite (2)

Radio Astronomy (US203,862)
Fixed

Mobile

Fixed

Radio Astronomy (US211)
RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)
Aeronautical Radionavigation
Radio Astronomy (US211)

Fixed, Mobile
Fixed-~Satellite (3)
Fixed-Satellite (3)
Mobile-Satellite (3)
Earth Exploration-Satellite (1)
Space Research (1)
Fixed, Mobile

Fixed, Mobile

Fixed, Mobile (6)

Radio Astronomy (874)
RADIO ASTRONOMY

Fixed, Mobile (6)

Earth Exploration-Satellite (1)
Space Research (1)
Fixed, Mobile
Broadcasting-Satellite
Radioc Astronomy (US211)
Fixed, Mobile
Inter-Satellite
Broadcasting-Satellite
Radio Astronomy (879)
Fixed, Mobile
Inter-Satellite

Radio Astronomy (879)
Fixed, Mobile

RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)
Amateur
Amateur-Satellite
Radio Astronomy (US211)
Radiolocation
Radionavigation

Fixed, Mobile
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42300.0-43500.0 MHz 40500.0-42500.0 MHz

42500.0-43500.0 MH=z

43500.0-45500.0 MHz

86000.0-92000.0 MHz 84000.0-86000.0 MHz

-------—ﬁ—‘-------------—------------Il--------ﬂ-----—-------------dﬂ------------

(5)
(6)

- (7)

(8)

86000.0-92000.0 MHz
92000.0-95000.0 MHz

93070.0-93270.0 lHz

Passive

Earth-to-5pace
Space-to~Earth
Space~to-Space

Deep Space only

Except aeronautical mobile
Aeronautical telemetering
Line-of-Sight

Broadcasting-Satellite
Broadeasting

Radio Astronomy (US211)
RADIO ASTRONOMY

Fixed, Mobile (6)
Fixed-Satellite (2)
Fixed-Satellite (2)
Mobile-Satellite (2)

Fixed, Mobile
Broadcasting-Satellite
Broadcasting

Radio Astronomy (US211)
RADIO ASTRONOMY

Earth Exploration-Satellite (1)
Space Research (1)
Fixed, Mobile
Fixed-Satellite (2)
Radiolocation

Radio Astronomy (914)
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ABSTRACT

This archacological reconnaissance covered two alternative locations for a National Radio Astronomy

Observatory Anlenna site on the south eastern slope of the summit region of Mauna Kca. The first loca-
tion between 11,560 and 11,840 fect (3523.49 and 3608.83 m.) is a 15-acre (6.07 hectarcs) level arca on
the west side of (he present summit road. No archacological siles were obscrved in this arca. ‘The
sccond and preferred location is an approximately 100-acre (40.47 hectarcs) arca on the cast side of the
summit road in a saddle between 2 cinder cones at 12,100 - 12,225 feet (3688.08 - 3726.18 m.) clevation,
Four archacological sites were observed in this project arca -3 probable shrines and a small rock shelter.
All four of these sites are removed from the proposed access road and antenna site and can casily be
preserved in place without modilying construclion plans. Preservation in place is recommended with
plotting of site locations on construction maps and reMagging of sites belore construction.
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T. INTRODUCTION, SCOPE OF WORK AND PROJECT AREA DESCRIPTION
This reconnaissance survey was performed at the request of
MCM Planning to assess archaeological impact of the proposed
construction of a VLBA (Very Long Baseline Array) radio telescope
within the Mauna Kea Science Reserve. The purpose of the survey
was to locate, map, and document the archaeological features
within two alternative antenna site areas (Figs 1-4). Each of

these areas is described below.

A. Antenna Site 1
This_project area (Fig. 3) is located between the 11,560 and

11,840 foot (3523.49 and 3608.83 m.) elevation on the west side
of the main summit road at its junction with a utility line road.
nphis project area is approximately 15 acres (6.071 hectares) of
level: terrain bounded on the east side by the main summit road
and on the west side by a utility road. The southern boundary
extends approximately 1,000 feet (304.8 m.) south of the junction
of the two roads.

The proposed antenna site has been impacted by bulldozing on
the west side associated with the utility road, and bulldozing
tracks are evident in the northern portion of the parcel. On the
edge of a pedrock knoll toward <the southern end a few small
natural gelufluction terraces are present. A careful examination
of the ground surface showed no cultural features or materials

other than modern litter associated with road and utility 1line

construction.
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B. Antenna Site 2.

The second alternative site for antenna construction (Fig.
3-5) is located on the east side of the main summit road between
elevations 12,100 and 12,225 feet above sea level. This proposed
facility includes an approximately 2,400 foot long access road
connecting the main summit road to an antenna and control build-
ing complex measuring 150 feet east/west by 250 feet north/south.

The area surveyed includes approximately 100 acres stretch-
ing eastward from the main summit road and encompasses an unnamed
cinder cone (elevation 12,430) to the south of the proposed faci-
1ity, as well as two bedrock knolls to the southeast and slopes
of a larger, also unnamed cinder cone in the northwestern portion
of the project area. The proposed access road and facility lie
on gently sloping to level terrain forming a saddle between the
two large cones.

It is of interest to note that Antenna Site 2 is partially

located within the boundary of the Mauna Kea Adz Quarry National

Historic Iandmark. The northeast boundary of this Landmark area

is approximately 1,000 feet east of the summit road and includes

the summit of the cinder cone to the northwest of the proposed
antenna site. This boundary line was -designed to include all

sites within the adz guarry complex.

¢. Surficial Geology of the Survey Areas
The main geologic activity which has shaped the terrain of

both study areas is glaciation. The 1l5-acre area of Antenna Site

M WL G & B L

N Sie o m mamt i



.

=y

(

("

Ly 3%

—5

1, as it is in a low point between cinder cones has been glacial-

ly scoured. The ground surface is composed of rubbly ground mor-—

aine deposits from the last phase of Pleistocene glacial advance

(25-12000 Before the Present). The bedrock knobs at the south

end of the area are both glacially scoured and contain glacial

striations on smooth rock surfaces.

The saddle between the two cinder cones within the antenna

Site 2 (Fig. 5) also shows rubbly glaciated surfaces and scoured

bedrock outcrops with striations. The two cinder cones which

rise to the northwest and south of this saddle were created by

secondary flank eruptions. During the Pleistocene a glacial till

thinly mantled the northwestern cone which indicates that its
formation predates the last glacial advance. Both cinder cones
haQé-stéep joose cinder slopes which are subject to continuous
colluviation.

Both the ground moraine in the low lying saddle area and the

cinder cone slopes are geomorphically active. Characteristics of

this alpine desert environment include lack of vegetation,

treme diurnal temperature variations and frequent frost, all are

conducive to gelﬁfluction and other periglacial activity. These

processes tend to sort and rearrange surface rocks into natural

pavements, alignments, faced terraces, particularly on slopes.

These features can be mistaken for cultural constructs by those

unfamiliar with the dynamic nature of this landscape. They occur

in both survey areas and are typical features throughout the

Mauna Kea region.
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1. FIELD METHODS

A. General Methods

The purpose of this reconnaissance survey was to jocate and
document all archaeological features within the two project areas
described above. The field work involved‘ one day with four
archaeologists. There were, of course, no vegetational limits to

survey vigibility and on February 24, when the field work was

performed, there were only small isolated patches of snovw in

partially shaded areas.
Antenna area 1 was surveyed first and the absence of cultu-

ral remains observed on a previous inspection (If.H. Sept.2, 1987)

was again confirmed by systematic coverage.

The bulk of the time was spent in coverage of the approxi-

mahely 100-acre (40.47 hectares) Antenna gite 2. The access road

was surveyed with 2 archaeclogists spaced 100-200 feet (30.48 to

60.96 m.) apart on either side of the proposed road alignment.

The remaining area was surveyed in the same manner. The survey

area extended up the slopes of the northwest cindexr cone to ap-

proxiﬁately the 12,350 foot (3764.28 m.) contour. The south

cinder cone and the two glaciated knobs to its east were entirely

surveyed.
Each site was described verbally with field sketches and

photographic documentation. 1IN addition, a photographic record
was made of the general terrain of the project area,

the geologic features.
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B. Locating Sites

Naturally survey emphasis was placed on the areas of the

proposed access road and facility. There were eight previously

marked survey points along the proposed access road route. In

addition, a small stone cairn was erected by previous land sur-

veyors to mark the approximate location of the southwest corner

of the planned facility. The four archaeological sites were

located by compass and tape or compass triangulation to adjacent

survey points. These site locations when plotted on the project

area map varied from where the sites would be located according

to the mapped topographic features. This disparity can only be

explained by assuming error in placing the survey points on the

project map. The site locations as shown on Fig. 4 are probably

not entirely accurate, except as in the case of Site 1 which

could be located to a prominent ridge line. In any case, given

this difficulty in map locations it is still clear that no

archaeological sites are within 100 feet of the proposed road oOr

building area.
state site numbers were kindly provided by Dr. Ross Cordy of

the State Historic Sites section of the pDepartment of Land and

Natural Resources. Each individual site number to be completed

should be preceded by 50-10-23 signifying the state, Island and

Quad codes respectively.



TII. PREVIOUS ARCHAECLOGICAL RESEARCH

Previous archaeological research at or near the summit
region of Mauna Kea is summarized in McEldowney (1982), McCoy
(1982), and various publications and reports by McCoy (1976~
1985). Most of these works focus on the Mauna Kea Adz Complex on
the southern flank of the summit region. There are more SpeciaIL
ized studies of lithic technology of adz manufacturing processes
contained in Cleghorn (1982). The most thoroughly reported ar-
chaeological excavations in the Adz Quarry area are those of the
Hopukani and Liloe Spring rock shelters near Pohakuloa Gulch be-
tween the 8,900 and 10,000 foot (2712 and 3048 m.) elevation.
Radiccarbon dates from these shelters range from A.D. 1,000 to
1,800 A.D. and are believed to relate to Hawaiian exploitation of
the lithic resources of the guarry complex (McCoy, 1986).

The Mauna Kea Adz Quarry complex of Archaeological Sites was
designatedna National Historic Landmark in 1962 and placed on the
National Register of Historic Places (Site 4136) . Although the
designated boundaries for the registered site complex included
most of the larder adz quarrying localities, many other sites,
possibly associated with gquarrying activities, especially
shrines, 1ie outside these established boundaries.

Specific archaeological reconnaissance surveys have focused
on small areas proposed for telescope development at, or near,
the summit. In 1982 Patrick McCoy performed a reconnaissance of
a larger area (1,000 acres) (405 hectares) on the summit and

north slope of the mountain (McCoy 1982). This survey, in con-
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junction with a 1984 survey of the east/southeast flank of Mauna
Kea (McCoy 1984), resulted in the location of over 40 sites.
These were collectively given the state site number

50-10-23-10228.

A summary of the most common types of the archaeological

remains occurring on the high flanks of Mauna Kea area is as

follows:

1) Adz Quarry Areas

These are the most visible cultural features on the land-
scape and consist of man-made talus deposits of flaked Hawal‘’l
pasalt which are the by-products of systematic adz preform

manufacturing. These deposits of flaked stone occur around

.quarried exposures of fine grained basalt both in level areas onh

slopes. They vary from small scatters to extensive talus
deposits which reach considerable thickness. These deposits and
associated quarry areas collectively represent the remains of

the largest native adz quarrying industry in the Hawaiian

Islands.

2) Shrines

Shrines. of widely varying size and complexity occur both in
the adz gquarrying area and along the north and east flank of the
summit and have been mapped and described by McCoy (1982, 1984).
The most common element of these features is thin tabular slabs

of rock set upright to form altars. These can occur as single

11
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vertical slabs or as clustered series of slabs held vertical by

rocks piled at the base (Types 1 and 2, McCoy 1982:A36) . The .

most complex forms are those termed marae (Emory 1928) which

consist of main upright altars with 'smaller uprights set in a
constructed pavement or court area (Type 3, McCoy 1982:A36) .
There are well over 40 of these shrine sites recorded in the
summit area. Although they are clearly of religious function,
the exact nature of the rituals and the specific gods involved in
these rituals are unknown. Those shrines occurring within the
adz quarrying area jtself are considered noccupational shrines”
because many contain offerings of stone tools or by-products
(McCoy 1981, McCoy 1982:A36). In general, the shfines appear to
indicate "a single coherent building tradition . . . although not

necessarily the same function or use" (Mccoy 1984).

3) Burials
There are many general historic accounts of the use of Mauna
Kea summit region as a burial ground (Alexander 1892, Preston

1895). The thin air and cold temperature would aid greatly in

long-term preservation of human remains. Archaeological surveys

have not.located specific burial grounds or purial structures.
Gciven the frequent mention of the summit region as a burial place
in the historic and ethnographic literature, it is likely that
many of these interments were isolated and unmarked. Burials
would be placed in areas which are easy to dig and there are

three specific references to unmarked interments in loose cinder

12
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Figure 6
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site 11076, Probable shrine Showing Alignment
on Glaciated Knoll

Site 11076 Showing One of the Collapsed
Uprights, View to West.

15



» A - »" R . B . . .
o t.- /;,"4. -l ] i "i’-l AN N . S o . .' Ly
o X '.:-_l:ﬂr ﬂ}: _._-y,. '”‘_." ',!: O ] R o
W LN LR o L gt o i fr .

L]
Figure 8 Site 11077, Probable Shrine Showing Upright
in Place, View to Northwest.
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factual deposits are present.

Site 11,078 (cs3) is a overhang shelter (Fig. 9) located ap-
proximately at the 12,225 ft. (3726.18 m.) elevation. The over-
hang area is 6 ft.( 1.829 m.) long by a maximum of 4 f£t. (1.219
m.) wide and a maximum ceiling height of 2.5 feet (.762 m.) .
There is a roughly level area, fronting the small overhang, which
measures 7 by 9 ft. (2.134 by 2.743 m.) with 1 ft. (.305 m.) high
stacked stone alignment on the eastern side. No cultural mater-
jal was observed at this site which is situated at the base of a
low bedrock ledge. If the shelter was used it was probably used
in prehistoric times.

Site 11079 (CS4) consists of 2 features; a probable shrine
and an ahu. The probable prehistoric shrine consists of 15 to 20
large cobble-sized rocks stacked on the top of a large, 4 to 5
ft, (1.219 to 1.524 m.) in diameter erratic boulder (Fig. 10).
The rocks on the top include one adz preform, which measures 13
cm. long, 5 cm.’ wide and 3.5 cm. thick, and is rectangular in
cross section. Within an area 10-20 feet (3.948-6.096 m.) to the
south: of this boulder are 1.0-15 basalt flakes - by-products of
adz preform flaking which indicate some minimal flaking was done
here. These flakes are scattered on the rocky ground surface
over an area 6-8 feet (1.829-2.438 m.}in diameter. No other
cultural deposits are present.

Some 15 ft. (4.572 m.) to the NW (Fig. 11) is a low (1.5 ft.
or .457 m. max.) loose pile of rocks that probably represents a

collapsed prehistoric ahu-type structure. Site 11079 is situated

17




Figure 10 Site 11079, Probable Shrine with Adz
Preform, View to Northeast.
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Figure 11 Ahu at Site 11079, View to West.
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at approximately the 12,235 ft. (3729.23 m.) elevation, at the
pase of the SE facing slope of a prominent pu'u. This ahu struc-
ture may be a trail marker type feature(s) as it is located in
the 'saddle between two prominent pu'u. It is generally on the
same elevation as the main adz quarry area which is some 4,000
ft. (1219.2 m.) to the west. An additional possibility is that
it represents an "occupational shrine" with the adz preform

representing an offering (McCoy 1981, McCoy 1982:A-36).

19
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V. SUMMARY OF RESULTS AND SITE SIGNIFICANCE
At antenna site 1 no cultural remains were located and the
15-acre area has been impacted by road and utility line construc-—
tion on the east and west sides.
Four archaeological sites were located and documented in
Antenna area 2. These are shown on Figure 4 and described in the

previous section. Each of these sites is briefly evaluated as

follows:

cite 11076 is a probable shrine which although not entirely
intact (the uprights have collapsed) may be the best expressed
example of this type of site in the project area. It is somewhat
difficult to separate natural glacial rubble from collapsed foun-
dation stones for the uprights,'but one can visualize a former
shrine with multiple uprights aligned along the long axis of the
pluff. In terms of its present integrity the site is probably a

poor example of a Type 1 single feature shrine (McCoy 1982:A36)

compared to those previously recorded in the Adz Quarry and nor-,

thern summit area by McCoy (1982, 1984). It is of interest to
note that this is the single site within the project area that is
inside the boundary designated as the Mauna Kea Adz Quarry
National Historic Landmark. This site may have been examined

during previous archaeclogical surveys but is not recorded as a

site in any of the survey reports examined.

gite 11077 is an ahu or possible shrine with a single
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upright boulder set in the top. A possible short alignment and
level area is associated. This could be another example of a
single feature, Type 1 shrine (McCoy 1982:A36), but could just as
well be a simple ahu. The upright is not of the typical or tabu-

lar shape associated with other recorded shrines. If it is a

shrine it is a poorly expressed example.

Site 11078 is a small rock shelter which does not have sur-
face indication of human modification or cultural use. However,
it was recorded as a site because as a natural feature it would
have been useful as a temporary shelter and may have subsurface
cultural material under the overhang or at the entrance. The
size of the shelter would limit its use to only one person at a
time. It is one of many such features within the glaciated
regions of the Mauna Kea Summit. If subsurface cultural debris
is present this debris would be severely limited by the shallow
depth of bedrock. If the shelter was used by Hawaiians, one

would expect some surface indication of this, which is not the

case.

Site 11079 consists of a small rock pile (10-15 cobbles) on
the top of a large glacially deposited boulder. There's a nearby
small marker ahu and a surface scatter of 10-15 basalt flakes.
The rock piling on top of the boulder would be interpreted as a
shrine and one of the cobbles is a rectangular adz preform. Its

presence reinforces the possibility that this piling may be a

21



emall shrine, although it does not match the structural pattern

of those recorded in McCoy's surveys (1981, 1982, 1984).

In summary, three of the four sites recorded in the project

area may have cultural or religious significance to the Hawaiian

ethnic group. None are good examples of site types. All four

(including both features of Site 11,079) are likely to yield in-

formation important to prehistory or history and are part of the

larger context of the hawaiian religious and economic use of

Mauna Kea. A summary table of site significance evaluations is

presented below.

Site Description Function Significance Codes*
criteria
Comments
11,076 alignments of rock probable probable religious a,d,e
(CS1) piles and fallen shrine structure, cultural
“uprights significance
11,077 ahu with upright possible possible religious a,d,e
(Ccs2) shrine structure, cultural
significance

11,079 (a) rock piling on possible
(CS4} boulders with shrine structure,

e — e o L

11,078 rock shelter
(CS3)

minimal excavation a,d
potential, but could
yield some informa-=
tion on prehistory

cultural

adz preform and significance

nearby ahu

11,196 (b) small ahu trail marker may yield informa- a,d
tion important to
prehistory
Codes*
a = site reflects major trends in the history of the State.
d = site may be likely to yield information important to prehistory
or history
e = site has cultural significance, probable religious structure

(shrine, heiau oxr burial

22
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VI. RECOMMENDATIONS FOR MANAGEMENT

' The Mauna Kea summit area is a unigue natural and cultural
environment in Hawai'i. Although the 4 sites located in this
reconnaissance are not excellent examples of site types, they do
form a portion of a larger context of Hawaiian religious and
economic use of Bawai'i's only glaciated landscape and those
which can be jdentified as shrines have cultural significance to
Hawaiians. One of the sites (11,076) is within the boundary of
the Mauna Kea Adz Quarry National Landmark. This landmark was
designated in 1962 to provide Federal recognition of the impor-
tance of the complex to the State and Nation. Since the proposed
project will not impact archaeological sites included within the
Landmark area there is no necessity for further consideration of
the effects on the Landmark area. since the adz quarry was
designated as a National Landmark the main summit roads and
utility lines have been constructed through ifs eastern boundary.
gsimilarly, there was no effect on archaeological sites.

The nature of the antenna development proposed for the pro-
ject area would easily allow for preservation of all four archae-
ological sites. Some visual impact is unavoidable, but this
should be minimal pecause the proposgd facility is relatively
closely confined and the sites are all elevationally abhove the
proposed antenna. The sites are already flagged on the ground
and they are located a reasonable distance from the proposed
facilities. Even so,hconstruction personnel should be made aware

of the existence and location of these archaeological sites so

23



that even inadvertent damage by heavy equipment caﬁ be avoided.
The sites should be reflagged immediately before construction and
their locations plotted on construction maps. If these simple
procedures are followed archaeological monitoring during con-
struction should not be necessary. Since the access road and the
facility are both located on bedrock and glacial moraine (and not
on soft cinder deposits) the likelihood of discovering isolated
burials is very small. However, if remains are uncovered during
construction an archaeologist should be immediately called. If

the above recommendations are followed there should be no adverse

effect on the archaeological resources.
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May 3, 1988

18628,001.06

Mrs. Marilyn C. Metz, AICP
MCM Planning

703 Honua Street

Honolulu, Hawaii 96816

Dear Mrs. Metz:

Geotechnical Consultation
FIS for National Radio Astronomy Observatory VIBA

Antenna Facility
Mauna Kea, Island of Hawaii, Hawaii

INTRODUCTION

This report presents our evaluation of the geotechnical
aspects of the proposed Very Long Baseline Array (VLBA)
antenna facility on Mauna Kea, and the related environmental
impacts. our understanding of the project is based on the
Environmental Assessment and Notice of Preparation for the
project published in March 1988, supplemented by discussions
with you and Mr. Buck Peery of the National Radio Astronomy
Observatory. our conclusions are based on a review of
pertinent technical literature, a visit to the proposed
sites, and experience from other observatory and roadway
projects on Mauna Kea.

Two sites are being considered. The preferred site is at an
elevation of 12,200 feet and is approximately 2,000 feet east
of the Mauna Kea Observatory (MKO) Access Road. The alter-
nate site is at an elevation of 11,800 feet and is on the
west side of the MKO Access Road, roughly 4,000 feet south of
the preferred site.

The site will be approximately two acres and graded
essentially flat. The central area will contain the antenna,
control building and equipment pads. It will be
approximately 150 feet by 250 feet and will be enclosed by a
chain-1ink fence. The antenna will be supported on a
50-foot-diameter concrete foundation. The control building
will be 1,350 sqguare feet in area and supported by a concrete

Engineors Pearl City Business Pl Telephone Arizona Colorado Texas
and 803 Kamehameha Hwy, Rm. 404 B80B/455-6531 MNaska ¥ lawaii Telecopy
Geoscienlisls Pearl City, 111 96782 D-1 Catilornia Nevada 808/455-1507
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slab. Other concrete pads will support an emergency genera-
tor, an LPG fuel tank, a weather instrument tower, and miscel-
laneocus other equipment.

Water usage will be less than 100 gallons per day, primarily
for human washing and waste. Wastewater will be essentially
the same volume, discharged into a cesspool outside of the
fenced area.

A 2,600-foot~long access road will be required for the pre-
ferred site. A 40-foot right-of-way will allow all utilities
(telephone and electricity) to be buried along the roadway.
The road will be surfaced with compacted gravel. No access
road would be required for the alternate site.

GEOLOGY, SOILS AND FOUNDATIONS

Both sites are underlain by Pleistocene lava flows of the
Waikahalulu Formation (Porter, 1979a). The preferred site is
near the head of a flow of the Kuupahaau Stage, roughly
40,000 to 70,000 years old. The alternate site is on a dif-
ferent flow of similar, but less certain, age. All the rock
in the area consists of hawaiite a’a flows. Hawaiite is a
variety of andesite, typical of late-stage eruptions from
Hawailan volcanoes. The a’a flows consist of layers of
massive, dense rock intermixed with volcanic clinker.

Both sites are covered primarily by ground moraine deposits.
These deposits consist of rocky debris accumulated in the
glacial ice cap which once covered the top of Mauna Kea. The
debris was then dropped when the ice melted. The soils are
mostly coarse gravels, with cobbles as large as 2 feet, and a
variable amount of volcanic ash of silt and sand sizes. The
thickness of the soil cover at the sites is not known but is
estimated to be several feet. This will be determined during
the soils investigation for foundation design.

Similar ground moraine deposits exist along most of the align-
ment for the access road to the preferred site. A bedrock
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- ledge is exposed along the edge of the small channel crossing
L the alignment. Where the road crosses the saddle between two
' cinder cones just west of the site, most of the gravel con-
sists of volcanic cinder fragments smaller than 6 inches.
goil thicknesses are unknown but are estimated to be less
than 3 feet along the western half of the road alignment and
thicker along the eastern half.

:
i

3
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Foundations for all structures are expected to consist of
concrete slabs resting on natural soils if sufficiently dense
or on compacted, structural £ill.

B

i

localized zones of permafrost have been reported within the
volcanic cinder deposits of two of the cones at the summit of
Mauna Kea (Woodcock, 1974), roughly 8,000 feet northwest of
and 1,000 feet higher in elevation than the preferred site.
No permafrost is known to have been found outside of cinder

cones and it is unlikely that any exists at either site.
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The island of Hawaii is seismically active and is located in
Seismic zone 3 for building design under the Uniform Building
Code. Much of the seismic activity is associated with the
active volcanism at Mauna Loa and Kilauea volcanoes. Large
earthquakes have occurred elsewhere around the island, how-
ever, and are considered possible at any location. The geo-
logy of Mauna Kea has been mapped in detail (Porter, 1979a),
but no tectonic faults have been observed. Foundation and
puilding design in accordance with the Uniform Building Code
is expected to be adequate for the structures.
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The last eruption on Mauna Kea occurred approximately 3,600
years ago (Porter, 1973b). Future eruptions are possible,
but Mullineaux and others (1987) have classified the summit
and upper flanks of Mauna Kea as Zone 7 for lava flow hazards
on the island of Hawaii. A t+otal of nine zones were defined,
with Zone 9 being the least hazardous. Mullineaux and others
(1987) note that 1ava covered about 20 percent of the Zone 7
. area between 3,500 and 5,000 years ago. The risk of the'site
being affected by a volcanic eruption is judged to be very
low.
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i EARTHWORK AND DRAINAGE

Both sites are relatively flat so that the amount of earth-
) work will be small. The maximum topographic relief at the
1 preferred cite is approximately 15 feet; and the maximum
i amount of cutting and filling is not expected to exceed 5
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feet. Most of the excavated rocky soils will be usable for
f£ill. Some finer-grained material may have to be imported
for finish grading. Such details will be addressed by the
soils and foundation investigation during final design.

Earthwork for the access road to the preferred site will be
limited to that required to provide a smooth surface, involv-
ing cuts and fills mostly less than 5 feet thick.

There will be essentially no runoff from the flat area pre-
pared for the antenna facility. The limited precipitation
can be expected to percolate directly into the ground.

The access roadway to the preferred site will concentrate
runoff to some extent, primarily on the uphill side where a
shallow ditch will collect any runoff. The rocky material
along the roadway will not erode significantly, and one or
more culverts will pass runoff under the road before it
concentrates to the point where it could cause erosion

further downslope.
SEWAGE DISPOSAL

Wastewater will be discharged into a cesspool at the edge of
the antenna facility site. Seepage out of the cesspool like-
ly will be through the gravelly soils overlying bedrock and
through fractures and other openings in the bedrock. It is
anticipated that a 5-foot-diameter cesspool can easily dissi-
pate the planned flow of 100 gallons per day. (This is equiv-
alent to less than a half-hour flow from a garden hose, or
one-sixth the nominal wastewater flow from a three-bedroom
house.) Final sizing of the cesspool will be done following
the soils and foundation investigation.

It is unlikely that wastewater will percolate beyond the
immediate site area, so that no impact from wastewater
discharge is expected. There are no known springs downslope
from either site. The depth to ground water is unknown, but
is expected to be hundreds or thousands of feet. The antenna
sites are extremely isolated, roughly 2 miles from and 3,000
feet higher than Hale Pohaku, the closest development down-
slope. Lake Waiau is roughly 1,000 feet higher than the
sites and 8,000 to 10,000 feet to the northwest, so could not

be affected by wastewater seepage.
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We trust this information is adequate
you have any questions, please call.

Sincerely yours,

HARDING LAWSON ASSOCIATES

’\DWZXZM@——

Damon R. Runyan
¢civil Engineer - 3121

i

Ronald L. Soroos

Geologist - 3455 (california)

DRR/RLS/bm:MCH
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BOTANICAL SURVEY
NRAO VLBA ANTENNA FACILITY
MAUNA KEA SCIENCE RESERVE

MAUNA KEA, HAMAKUA, HAWAIX

INTRODUCTION

The National Radio Astronomy observatory (NRAO) proposed to
construct a very Long Baseline array (VLBA) antenna facillty
within the Mauna Kea Sclence Resexrve petween the 12,200~ and
12,400-foot elevations. AN access road to gervice the facility
would alsc be constructed.

A botanical gurvey to assess the plant resources on the selected
site and access road, as well as an alternative sjite at the
11,800~foot elevation, was conducted on 10 April 198s8.

A walk-through survey method was uged. The areas which would be
directly jmpacted by the construction activities were more
intensively surveyed. These areas had been previously staked out
by NRAO personnel. jess intensive surveys were made of the
adjoining areas. wherever possible, specimens were collected for
later comparison with herbarium material and the l1iterature.

RESULTS AND pISCUSSION

Both the selected site and the alternative site are located on
ash with a shallow, top layer of irregularly—shaped, smaller
rocks, 2 to 4 inches across. Larger yocks, 1 to 3 feet or more,
across, are scattered or form piles among the smaller material.
Both sites are almost uniformly flat without rocky outcrops.

Hawaiian bent (Agrostis sgndwicensis) and he/u-pueoc (Trisetum
glomeratum), members of the grass family (Poaceae), can be found
in small numbers on both sites (see raple 1), usually growing
among the larger rocks. Neal and Hartt (1940) and Smith et al.
(1982) have recorded both of these endemic grass species on the
summit area apbove 13,000 feet, along with the introduced hairy
cat’/s-eak (Hygochae;is radicata) and dandelion (Taraxacum
officinale).

orlitl-L2 ===

The only lichens observed cn the two sites were candelariella
vitellina and Lecidea skottsberali. Both speclies were assoclated
with the larger rocks and occurred just above the soil interface,



Table 1. DList of species on study sites.

Selected Access Alternative
—-gite-- -road- ---gsite----
LICHENS

CANDELARIACEAE
candelariella vitellina (Ehrh.)
Muell. Arg., E* + + +

LECANORACEAE

Lecanora muralis (Schreb.) Ach.,
T* - + -

LECIDEACEAE

Lecidea skottsbergii Mag., E

Rhizocarpon geographicum var.
hawaliensis Raes., E - + -

UMBILICARIACEAE
Umbilicaria hawailensis Magn., E - + -
Umbilicaria magnussonii Llano, E

1
+
1

MOSSES

BRYACEAE
Pohlia cruda (Hedw.) Lindb., I - + -

GRIMMIACEAE
Grimmia sp., I - + -

VASCULAR PLANTS

PTERIDOPHYTA (Ferns)
ASPLENIACEAE
Asplenium adiantum-nigrum L., I - + -

MONOCOTS (Flowering Plants)
POACEAE
Agrostis sandwicensis Hbd., E + + +
Trisetum glomeratum (Kunth)
Trin., E + + +

*Blogeographic status
E = endemic species

I = indigenous species
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usually facing north or west. Smith et al. (1982) notes that

these two species, along with Lecanora muralis, are the more
common lichens on the Mauna Kea summit area above 13,000 feet.

No bryophytes (mosses) were found as both sites lacked partially
shaded small caves, crevices, or large rock overhangs.

The access road crosses substrate similar to the selected site
but also contains areas with outcrops of andesitic lava and large
boulders. The grass and lichen species mentioned previously
occur here in low abundance. The rock outcrops and jumble of
boulders provided habitat for one specimen of Asplenium
adiantum-nigrum, a member of the bird’/s-nest fern family
(Aspleniaceae). Among the boulders, small shaded pockets and
crevices with ash supported moss clumps of silvery-gray to black
colored Grimmia sp. and bright green Pohlia cruda. Other lichens
observed among the boulders were Rhizocarpon geodgra hicum, two
species of Umbiljcarja, and Lecanora murabilis.

Just south and outside of the selected site, at the base of the
unnamed cinder cone, glacial till and andesitic lava boulders and
knobs provide a more suitable habitat of small caves, crevices,
and overhangs for the lichens and mosses mentioned above. The
mosses form fist-sized clumps in small run-off channels among the
rocks. Other lichens found here include the whitish, crust
forming Lepraria sp. and Acarospora depressa. Lichen and moss
colonies in this area were generally associated with north,
northwest, and west facing rocks. Moisture from snow melt and .
even pockets of compacted snow were seen in some caves areas.

Construction of the proposed antenna facility on the selected
site (or alternative site) and access rocad will have only a minor
impact on the botanical resources as they are sparsely vegetated
and the species occurring there are also found throughout the
Mauna Kea summit area.

of more concern, are the indirect impacts of the proposed
project, some of which have been expressed in various biological
surveys (Howarth and Stone 1982; Smith et al. 1982) conducted for
the Environmental Impact Statement for the Mauna Kea Science
Reserve Complex Development Plan.

only NRAO or other astronomy personnel should have access to the
proposed VLBA facility road. Off-road vehicle use should be
prohibited as such use will disturb most of the geologic features
--glaciated surface, glacial ground moraine of the late Makanaka
ice cap, periglacial movement and sorting of rocks, etc. In
addition, access onto the nearby cinder cones may disturb habitat

for endemic arthropod fauna.



"

All construction activities should take place within the def ined
areas of the antenna facllity site and access road alignment.
Litter from construction material, packaging, etc., should be
collected and removed from the area.

Management policies already established by the University of
Hawail for the preservation of biological and geological
resources within the Sclence Reserve Complex should be followed
and enforced.
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;
;
| —
. ‘ 1
Iy
!
t
;. —
tp )
v 1
L :
1
; ~—
!
E N
'
[
e
P
P
\‘ had

s,

2 l"_
] .
: !
k _
1 ~ ]
i B
4.-v--
¢
1 '
lay i
] I
[ e,
i
L
P
- N .
B

)

{7

(.

APPENDIX F

(..

FAUNAL SURVEY FOR THE PROPOSED
VLBA ANTENNA FACILITY |
MAUNA KEA, HAMAKUA, HAWAII :

£

MATILE S. KJARGAARD

=

(.1

{0




B e T T

L AT LY e T TR Ay T e =

e et e o YA T e )
B _ 7

FAUNAL SURVEY FOR THE PROPOSED
VLBA ANTENNA FACILITY
MAUNA KEA, HAMAKUA, HAWAII

INTRODUCTION

The following report presents the results of a survey of the
vertebrate fauna of two sites between 11,800 and 12,400 feet
elevation of Mauna Kea. These sites are the selected and
alternate locations of a Very Long Baseline Array (VLBA) antenna
to be operated by the National Radio Astronomy Observatory; both
are approximately one acre in extent, and the selected site
requires an additional 2.5 acres for the construction of an

access road.

The field survey of these areas was conducted on 10 April 1988. A
supplemental nocturnal survey will be performed during May 1988
to determine whether Hawaiian Dark-rumped Petrel are present in
the area.

LITERATURE REVIEW

The major species of concern when considering the two sites is
the Dark-rumped Petrel (Pterodroma phaeopygla sandwichensis), an
endangered pelagic seabird endemic to the Hawaiian islands. It
returns to land only during an extended breeding season; at the
present time the major breeding localities for this bird are at
high elevation sites on Maui and Hawaii. A detailed study of the
Dark~-rumped Petrel in Hawaii was completed by Simons (1983,
andSimons and Simons 1982) on the Haleakala population. Much of
the following information is excerpted from these reports.

Dark-rumped Petrel were formerly abundant throughout the main
Hawalian chain (Olson and James 1982a, 1982b) but underwent a
serious decline in numbers due to habitat disturbance, predation
and hunting. On Hawaii, Dark-rumped Petrel were once abundant in
the saddle area between Mauna Loa and Mauna Kea (Henshaw 15902).
They may also have been present at elevations of up to 12,400
feet on Mauna Kea as indicated by skeletal material found in

these areas.

After a hiatus of many years, Dark-rumped Petrel were
rediscovered on Mauna Kea in 1954 by Richardson and Woodside
(1954), who found five freshly dug burrows at Pu’u Kole, east of
Hale Pohaku. Since then there have been sporadic observations of
these birds from Pu’u Xole around the eastern flank cf Mauna Kea
as far as Pu’u Kanakaleonui (Banko 1982). 1In 1969 to 1970, Banko
(1982) spent a fair amount of time surveying this area for Petrel
but found them only in the vicinity of Pu’u Kanakaleonui.



The chronology of the breeding cycle of the Dark~-rumped Petrel is
summarized in Figure 1 (Simons 1983). Breeding activity begins
when adults return to the breeding colony in February and March.
At this time, for a period of one or two weeks, the birds
re~establish territories, repair burrows and build nests, and
perhaps mate. A period follows shortly thereafter (throughout
much of April and into May) when the birds are absent from the
colony. It 1s thought that at this time the animals are feeding
at sea in order to increase their fat stores for the upcoming
breeding activity. During the summer months, eggs are laid, the
chicks hatch and undergo a growing period before finally leaving
the colony in the fall.

Dark-rumped Petrel nest in burrows dug into cliff sides or talus
slopes. In Haleakala most nest sites occur at the bases of rock
outcroppings or in areas with considerable local relief. Ninety
five percent of the Haleakala burrows were excavated out of soft
substrate beneath boulders or rock ledges. Most burrows were one
to 10 meters in length. Nests were built in burrows only in
locations where suitable materials (i. e., grasses) were present
in the immediate vicinity,

The breeding success and adult longevity of Dark~rumped Petrel
are limited by a number of factors. The primary cause of
breeding failure appears to be predation by alien mammal species
such as mongooses, cats, and rats. While the adults are also
susceptible to predation, their deaths more frequently result
from collisjions with obstacles such as wires, towers, or fences
while in flight. This problem is compounded by the fact that
Petrel are attracted to bright light sources and often crash to
the ground as a result of disorientation or collisions with
structures near the lights. 1In this state they are frequently
unable to fly and are at increased risk from predation. Young
birds leaving the breeding colony for the first time are
especially prone to such accidents (Reed et al. 1985).

SURVEY METHODS AND RESULTS

An initial survey of the two antenna sites was made on 10 April
1988. At both locations I walked through the site in a
systematic manner in an attempt to locate any bird or mammal
remains. During this diurnal portion of the survey I
concentrated my efforts on locating potential nesting habitat and
searching in these areas for evidence of nesting activity. A
nocturnal survey of both sites for active Dark-rumped Petrel will
be performed in May when the birds are actively breeding.

No evidence of Petrel breeding was found at either site, although
several areas appeared suitable for burrow construction. The
best areas for burrow construction were on the northern slopes of
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Fiunre 1.

Davk=ruaped Petrel breeding chronology (ron Simons, 1984),
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Fipure 2.

Overview of Lhe study site, showing the proposed and
allernale VLBA aatenna localiens, and poleatial Dark-
rumped Peirel burrow locations (shaded arcas).
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the pu’u immediately south of the proposed antenna site, where
there is a combination of steep slopes and rocky terrain.

Both sites had been used by feral sheep or sheep-mouflon hybrids.
0ld droppings were very common in both locations, particularly on
the western side of the unnamed pu’u south of the selected
antenna site. Much of the feral animal activity appeared
centered in protected areas in the lee of rock outcroppings; such
locations may have served as bedding sites. Confirmation of the
use of the area by feral sheep comes from the discovery of
partial remains of a sheep in the area of the proposed VLBA
antenna. Because of the lack of forage in the area, it is '
unlikely that either site was much used by feral ungulates except
as a refuge from intense hunting pressure at lover elevations.

There was no evidence of other vertebrates in the study area.

RECOMMENDATIONS

The recommendations regarding site selection and impact
mitigation given here are provisional pending the completion of
the breeding season survey of park-rumped Petrel.

site_selection
Antenna construction at the alternate site would be farthest from

potential Petrel nesting habitat and would require the least
land, thus reducing the overall impact of the project. In
addition, since the arxea in the vicinity of the alternate site
has already been disturbed by road construction, additional

construction would cause a minimal amount of new impact.

Impacts and mitigation measures

No evidence of Petrel nesting was found during this study.
However, should Petrel populations be located in the study area
during the May survey, several kinds of impacts and mitigation
will need to be addressed in the supplemental report. The most
obvious of these is the direct disturbance of nest sites and
breeding birds by construction and operation of the facility.
Tndirect impacts are potentially as damaging as direct
disturbance. The primary indirect impacts include
increasedmortality of birds in the area due to rodents and/or
feral predators associated with the facility, as well as deaths
by collision and as a result of light attraction.

The following recommendations are offered at present. If Petrels
are found on or near the sites, then more detailed mitigation
measures will be recommended in the supplemental report.



Trapping; use of mongoose-, rat- and cat-proof refuse
containers:; and frequent removal of refuse should be
implemented as soon as construction begins and should be
continued consistently as long as the facility is used.
These mammals, while not in the area at present, may quickly
become a problem once feeding opportunities become

available.

Use of bright unshielded lights at the site should be
prevented to reduce the potential for collisions, as light
related mortality is one of the most frequent causes of
mortality of Dark-rumped Petrel. Petrel are known to nest
on the eastern flank of Mauna Kea.

Use of the area by irresponsible ORV users attracted to the
area by the access roads should be prevented.
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SUPPLEMENTARY SURVEY FOR THE PROPOSED
VLBA ANTENNA FACILITY
MAUNA KEA, HAMAKUA, HAWAII

by
Maile S. Kjargaard

April 1988

This report presents the results of a nocturnal survey of the
proposed VLBA antenna site performed on 28 May 1988; the intent
of the survey was to determine whether breeding Hawaiian
Dark-rumped Petrel were present in the vicinity of the antenna

site.

The timing of the survey was planned so that the probability of
detecting Petrel (should they occur in the area) was maximized.
The survey was performed during the height of the breeding
season, and at a period of the lunar cycle where calling is

maximized.

An initial late-afterncon reconnaissance for burrow sites was
performed in portions of the study area that I was able to
explore during the April 1988 survey. As it became dark, I
remained at the VLBA antenna site in order to detect any calling
birds in the vicinity. I remained at the site until 8:15 PM,
about 1.5 hours after sunset.

I detected no Petrel at the site during the survey, nor was there
any evidence of burrow sites in suitable habitat nearby. Since
the evaluation of the proposed antenna site is several thousand
feet above that of the majority of Petrel breeding localities on
both Maui and Hawaii, the lack of Petrel breeding in the project
area is not anomalous. The proposed construction thus imposes
minimal impact on Petrel populations on Mauna Kea.
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A REPORT ON THE INVERTEBRATE FAUNA
FOUND ON THE PROPOSED NRAO VLBA ANTENNA FACILITY SITE,
MAUNA KEA SCIENCE RESERVE, MAUNA KEA, HAMAKUA, HAWAII

INTRODUCTION

A report on the invertebrate fauna (Arthropoda) found on the
selected NRAO VLBA facility site and access road follows. In
addition, the report also includes findings from the alternative
Mauna Kea site at the 11,800-foot elevation.

The survey work was conducted on April 10, 1988. A visual survey
was conducted on foot covering the proposed facility site and
access road, alternative site, and adjacent periphery areas.
Notes on animals observed, substrate type, aeolian debris, etc.,
were recorded. The undersides of rocks and the area beneath the
rocks were examined for animals and also to note presence of
moisture and debris.

This survey was greatly aided by Masako Nakamura, Ph. D., an
insect and annelid ecologist.

RESULTS AND DISCUSSION

The alpine zone on Mauna Kea is habitat for several remarkable
invertebrates. Howarth and Stone (1982) found 11 native resident
species unique to Hawaii. In the 2 sites surveyed on April 10,
1988, only 3 Hawaiian species were recorded (see Table 1). The
only native herbivorous species seen was the lichen
feeding,diurnal cutworm moth, Agrostjs. One was recorded in
rapid flight at the fork of the proposed access route. Because
no sizeable patches of lichen were growing along the access route
or on the facility site, the project is not expected to affect
its habitat.

The most unusual predator is Nysius wekiujcola, the Wekiu bug, a
lygaeid bug living off the fluids of insects carried to the
summit by winds (Ashlock and Gagne 1983). None were found in the
project area, probably due to the lack of moisture from snow in
slow melting drifts. Two liters of snow found between large
rocks yielded only alien flies, wasps and tiny spiders.

Endemic Lycosa wolf spider skins were frequent under large stones
in the alternative site, but only one spider was sighted. The
selected site, at about 12,250 ft., was more barren of life,
probably because no peaks concentrated aerial waifs there.
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Table 1. List of Invertebrates on Study Sites

Selected site Alternative
and access_road ———gite—-—=——

ARACHNIDA
Araneae (spiders)

Lycosidae:
Lycosa species, *

Linyphiidae:
Eridgone species, *

INSECTA
Collembola (springtails)

Entomobryidae:
Species undetermined

Diptera (flies)

Ephydridae:
Hydrellia tritiei, X

Calliphoridae:
Pollenia rudis, X
(cluster fly)

Lepidoptera (moths)

Noctuidae:

Agrostis new species, *

{Lichen cutworm}

Hymenoptera (sawflies, chalcids, ants,

wasps, bees)

Chalcidoideé:

Species undetermined--transient,

‘parasitoid, X

. v——— . ot S S P S S gy e et S AP S G D e S P S e S8 S b

* = endemic species

X = introduced or exotic species

- = absent on site

+ = present on site
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The exotic economic pests, Hydrellia and Pollenia, were by far
the most prominent arthropods, likely due to their vast numbers

at mid elevations.

Because the sites are small, flat and uniformly bedded with fine
ash and cinders, the biomass is much smaller than at higher
elevations, thus the impacts on native invertebrates are
projected to be extremely minor.

REFERENCES

Ashlock, P. D. and W. C. Gagne. 1983. A remarkable new
micropterous Nysius species from the aeolian zone of Mauna
Kea, Hawalii Island. International J. Entomology 25:47-55.
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Howarth, F. G. and F. D. Stone. 1982. An assessment of the
arthropod fauna and the aeolian ecosystem near the summit of
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Plan, Institute for Astronomy, University of Hawail.
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VISIBILITY ANALYSIS OF TWO ALTERNATIVE SITES
FOR THE VLBA ANTERNA FACILITY

I. METHODOLOGY

Two potential antenna sites within the Mauna Kea Science
Reserve, one at the 12,200-foot elevation and one at the
11,800-foot elevation (Figure H-1), were evaluated for

short-range (within the summit area) and long-range

(island-wide) visual impact. The analysis ,was based on the

following assumptions:

o The antenna is positioned tovards the horizon, facing the
viewer.

o At its highest point in this position the antenna is 95

feet above ground

o The viewer is standing at ground level, viewing height is
five feet above ground.

o The viewer is standing on a flat area clear of
vegetation; there are no natural or man-made obstructions

nearby to block the view.

o The weather is clear; cloud levels are above 14,000 feet.

A detailed geometric analysis of potential view-planes,
based on the hypothesis that "if I can see You - then you can
see meY, was undertaken. Figure H-2 illustrates the basic

assumptions of the analysis.

Using data from photogrammetric maps of the project area
and U.S.G.S. maps of Mauna Kea and Hawaii County, potential
lines-of-site were interpolated from the top of the reflecting
antenna to their intersection with points along the grade
below. calculations were made at 50 intervals for rural
areas; 1° intervals for Hilo; and every 200 feet along the
Mauna Kea Observatory (MKO) Access Road from the 11,600-foot
elevation to the summit ridge. This resulted in the
jdentification and delineation of areas vhere visibility of the
antenna was not obstructed by natural terrain or other features.
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II. VISUAL IMPACT ANALYSIS
A. Potential Site at the 11,800-foot Elevation of Mauna Kea

The site is located just north of the southern boundary of
the Mauna Kea Science Reserve, adjacent to the MKO Access Road.
The area is flat and covered with ground moraine deposits; an
unnamed c¢inder .cone to the west of the siting area rises about
100 feet above ground level. There are no other landforms
nearby that could significantly reduce visual impact.

As shown in Figure H-3, at short-range the antenna will be
visible along about two miles of the MKO access road from about
500 feet below the site tc a point near Puu Hau Kea. It will
also be seen from a 2,500-foot stretch of the MKO Access Road at
the 13,400-foot elevation near the summit. Because the terrain
in the vicinity of the site is open and level, the entire
complex (antenna and support facilities) will be visible from

these points.

Because the site is on the south face of the mountain, the

antenna would not be seen from the northern section of the’

island. An unnamed cinder cone to the west would also obscure
views of the antenna from the west and southwest. Because there
are no minor topographic variations to the east and southeast
that would obscure the lower portion of the antenna from the
viewer, the entire telescope may be visible from much of the
area shown on Figure H-4. This area includes: Leleiwi Point;
portions of the Saddle Road; all of Waiakea Homesteads; all of
Keeau, Puna; portions of Hawaii Volcanoes National Park; and,

the north'face of Mauna Loa.
B. Potential Site at the 12,200-foot Elevation on Mauna Kea

The proposed antenna facility site is. in a low-lying
saddle between between two cinder cones which rise from 230 to
380 feet above site elevation. These landforms are expected to
block out the view of the antenna from most areas.

At short-range, the antenna will be partially visible from
the MKO Access Road for about 150 feet from a point about 600
feet north of the entrance to the facility access road and again
for about 250 feet from a point about 1,000 feet farther north.
The antenna will be completely visible along a 2,500-foot
stretch of the MKO Access Road at the 13,400-foot elevation. 1In
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addition, several hundred feet of the facility access road will
be visible from the MKO Access Road (Figure H-5).

Because the site js about 1,500 feet below the summit
ridge on the southern face of the mountain, the facility would
not be visible from +he northern part of the island. As shown
in Figure H-6, the antenna will not be visible from downtown
Hilo. Tt may, however, be partially visible from Leleiwi Point,
portions of Waiakea Homesteads, a two-mile stretch of the Saddle
Road near Kaumana, portions of the Puna District from Keeau to
Kapoho, one small area near Onomea and an area near Kipuka Alala
in the Mauna Loa Forest and Game Reserve.

visual impact of the antenna facility at the 12,200-foot
elevation will be low.
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INTRODUCTION

This environmental assessment addresses the probable ecological impacts
of the Very Long Baseline Array (VLBA) radio telescope proposed for
construction at approximately the 2,740 m (8,990 ft) elevation on the north
slope of the upper Northeast Rift Zone of Mauna Loa volcano. The VBLA site is
planned to consist of a fenced facilities site and access road of total areal
extent of about 0.6 ha (1.5 ac). This area would be cleared and grubbed,
removing the native vegetation, and would be contained within a larger
approximately 13 ha (32 ac) leased area immediately upslope of the Mauna Loa
Observatory (MLO) access road. Operational activities at the facility would
be limited to the fenced site and road, and no effluents or other farther-—

reaching impacts would be expected to be produced.

METHODS

This assessment's field work was a walk-through survey noting the
character and composition of the limited on-site vegetation, and comparing it
with that nearby. The area surveyed was a kipuka of older substrate from
where the MLO road transected it at about 2,710 - 2,730 m (8,890 - 8,960 ft).
elevation to its upslope end at 2,775 m (9,100 ft). Although the construction
site is proposed-to be in the lower portion of this ares, this whole elevation
range was traversed to better characterize the vegetation.

As the region's youthful geology dominates the landscape and the ecology
of the region, use was made of recently processed unpublished findings of U.
S. Geological Survey geologist John P. Lockwood, who has been involved in -~
studying the eruptive behavior and surface geology of Mauna Loa for a number
of years. This information includes areal determinations of surface lava flow
segments, grouped into five age classes and sorted into elevation bands of 500

m altitude in width.

OBSERVATIONS AND INFORMATION

Rainfall.——On a median rainfall map of the island (Circular C88, Hawaii
State Dept. of Land and Natural Resources, Honolulu, 1982), the project area

falls along the 800 mm (31.5 in) isohyet.

Plants.—Vascular plants in the area of the proposed VLBA site are
limited in occurrence to the oldest substrates, as plant colenization and
succession proceed very slowly under local conditions. Eleven vascular
plants, two lichens and two mosses were recorded (Table 1). None of these are
officially listed endangered or threatened species nor candidates for such
status. All of these species, plus others, were seen far more abundantly at
slightly lower elevations on similarly aged and younger substrates,

Vegetation.—The vegetation can be categorized as a low, sparse
micophyllous sclerophyll scrub. The vascular species were all shrubs and
herbs, mostly perennial, below about 75 cm (2.5 ft) in height. They occurred
both as scattered individuals or as small groupings'of several species
occupying up to 1-2 m“ of area, usually much less. The clumped plants usually
sheltered small amounts of soil. Total plant cover is very much less than 1
%, and the surface between is barren pahoehoe lava, somewhat oxidized to a
gray-brown color. The much younger ‘a‘a lava flows flanking the pahoehoe

I-1



r substrate) were not seen to support vascular plants

kipuka (remnant of olde
a small amount of lichen.

near the kipuka boundary, only

te, but three native specles

Wildlife.--No birds were observed at the si
The ‘oma‘o (Phaeornis

might occasionally visit or fly over the site.
obscurus) is known to jive in low numbers in this upper elevation vegetation,
anid L hnve accn Lhen 6 km to the northeast of the site at approximately 2,300
m (7,550 £t) elevation. The nene (Nesochen sandvicensis), and endangezed

goose which ranges widely on Mauna Loa's middle and upper slopes, may utilize

the age "II" vegetation from this elevation occasionally, but is not site

specific to the area. ‘The ‘ua‘u or dark-rumped petrel (Pterodroma phaeopygia

sandwichensis) is an endangered bird, and may possibly be affected by this
project. Tt is a pelagic bird which nests in the upper mountainous parts of
several islands, including Mauna Loa. From March through October it flies up
and down the mountain slopes in the dark hours to breed, nest, and feed young.

The fledging young, and to a jesser extent the adults, can be fatally
disoriented by bright lights.
1s may be expected to occasionally pass through

Several introduced mamma
or utilize the area. These are feral goat (Capra hircus), feral cat (Felis

catus), mongoose (Herpestes auropunctatus), black rat (Rattus rattus) and
house mouse (Mus musculus).

served running down the western side of the
surface openings or "gkylights". About 400
d just below the MLO road. No life of any

sort was seen, and, importantly no plant roots penetrated into the tube from
_the sparsely vegetated surface above. As plant roots are the priaaxy energy
source for the Hawaiian 1ava tube ecosystem, the likelihood of this tube

containing known native troglodytes is quite low.

Lava tube.—A lava tube was ob
pahoehoe kipuka, marked by several
m of the tube's length was traverse

DISCUSSION

Tn keeping with the site's desired design requirements, the location is
usually above the penetration of moisture~laden tradewind air. Consequently,
this dryness supplements the high elevation as 1imitations to the xrate of
succession and the species diversity. Little vegetation occurs above this
elevation. The predominantly youthful nature of the lava flow surfaces
further limits the total amount of vegetation at these higher elevatilons.

uch of' the total upper

Accordingly, it is appropriate to consider how m
level vegetation would be removed by the project. The vegetated pahoehoe flow
be in age class #yI", about 1,500 - 4,000 years

is considered by Lockwood to
old. There are approximately 39,460 ha (97,506 ac) of total land surface in
the 2,500 ~ 3,000 m (8,200-9845 £t) elevation band on Mauna Loa. Of this
total, the age class "II" substrate occupies 5,240 ha (12,948 ac) or about
13.3 %2 (J. P. Lockwood, pers. comn.). The other two flows mentioned are age

class "IV" (about 107-750 years old) and ngistoric” (1843-1984; 1899 in this

case).
1f one assumes that 1) the vegetated portions of the 2,500 - 3,000 m
1y up to about 2,800 m (just above the top of the

elevation band extends on
nTI" pahoehoe kipuka), and 2) that all age class WTI" flows support similar

vegetation, one can get a very rough estimate of the total amount of this
vegetation community on Mauna Loa, and the proportion of it which would be
consumed by the construction of the 0.6 ha j
impact. Calculations indicate that this is about 0.02 Z%.

I-2
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Total "II" vegetation: 2,800 - 2,500 m x (5,240 ha) = (0.6)(5,240 ha)
500 m

= 3,144 ha.

Amount of "II" impacted: (0.6 ha) / (3,144 ha) = 0.02 Z

CONCLUSIONS AND RECOMMENDATIONS

It appears that the major impact of the proposed project would be the
destruction of about 0.6 ha of the sparse, but relatively mature plant
community (and any associated sessile arthropods) on the older pahoehoe flow
during construction., Consisting of only about 0.02 Z of this community type
on Mauna Loa, this loss can be considered relatively insignificant,
particularly in the context of natural losses due to lava flow inundation.

The construction of the proposed lava diversion barrier upslope on the
unvegetated young flows can also be considered insignificant biologically.

Two other sorts of potential impacts can be avoided if proper precautions
are taken. Any construction activities will change the physical nature of the
lava substrate and will likely bring introduced plant species into the
disturbed site. 1t is recommended.that a botanist be arranged to monitor the
site for introduced plants at least twice following construction and to direct
or effect their removal in order to prevent the spread of these weeds into
adjoining native vegetation. Although the composition of the native
vegetation is relatively simple at this upper elevation, it is unusual in
Hawaii to find such a low presence of introduced plants and is valuable in
that regard.

Lights on or next to VLBA facilities might disorient night-flying dark-
rumped petrels. It is recommended that, other than an aircraft warning light,
all exterior lighting be kept to a minimum and effectively shielded to prevent

upward and outward escape of light.



Gnaphalium sandwichensium

Hypochaeris radicata
Pellaea ternifolia
Styphelia tameiameiae

Tetramolopium humile

Trisetum glomeratum
Vaccinium peleanum

Non-vascular plants

Grimmea sp.

Rhacometrium lanuginosum

Stereocaulon vulcani

Usnea sp.

Table 1. Plants observed in the survey area.
Species Life form
Vascular plants

Asplenium adiantum-nigrum fern

A. trichomanes fern

Carex wahuensis sedge

Coprosma ernodeoides shrub

herb

herb-introduced
fern

shrub

herb

grass

shrub

noss
moss

lichen
lichen
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Table 1. Plants observed in the survey area.

Usnea SP.

Species Life form
Vascular plants
Asplenium adiantum—nigrum fern
A. trichomanes fern
Carex wahuengis sedge
Coprosma ernodeoides shrub
Gnaphalium sandwichensium herb
ngochaeris radicata herb-introduced
Pellaea ternifolia fern
Styphelia tameiameiae shrub
Tetramolopium humile herb
Trisetum glomeratum grass
Vaccinium peleanum shrub
Non-vascular plants
Grimmea Sp. _ moss
Rhacometrium lanuginosum moss
Stereocaulon vulcani lichen
lichen
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